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ABSTRACT

The effects of various chemicals on the yield and quality of
fruit of the 'Headliner' variety of strawberries were studied in three
separate though related experiments during the 1960 and 1969 straw
berry seasons.
During the 1960 strawberry season, five spray applications of
captan, DHA-S and Hortesin at various rates were made to strawberry
plants in the field.

The effects of these fungicide sprays on yield

of fruit and on the control of fruit rots both in the field and after
harvest during storage of the fruit were studied.

Laboratory analy

ses were made on the fruit to study the effects of these chemical
sprays on fruit quality.
None of the fungicides used significantly increased the yield
of fruit over that of the control.

Captan was found to provide the

best control of fruit rots in the field.

Pre-harvest sprays of captan

to strawberry plants in the field effectively controlled post-harvest
fruit rots during storage of the fruit at 35 degrees F.

DHA-S was

found to be less effective than captan both in field control of fruit
rots and post-harvest rot control.

Hortesin afforded little, if any,

control of strawberry fruit rots.
Pre-harvest sprays of captan, DHA-S or Hortesin had little
effect on soluble solids, pH, titratable acidity or per cent sugars
of the fruit.

In a separate experiment during the 1960 season, various rates of
saccharin sodium were applied as foliage sprays to Headliner strawberry
plants.

The effects of this chemical on plant growth, yield of fruit,

sweetness of fruit and other aspects of fruit quality were investigated.
Foliage sprays of saccharin sodium were found to cause injury to
strawberry plants, the amount varying with the concentration of the spray.
Yields of fruit were reduced with the greatest reduction being in plants
§prayed with the higher rates.
Saccharin sprays increased fruit sweetness.

The degree of sweet

ness was found to be influenced by the concentration of the spray used
and the time interval between spray application and test date.
Fruit color was adversely affected by saccharin sprays, being
paler or less red than fruit of the control plants.
on fruit firmness was also noted.

An adverse effect

Fruit of plants sprayed with sac

charin was significantly softer than fruit of the control plants.

No

appreciable differences in soluble solids, pH and per cent sugars were
found in fruit of plants sprayed with the various rates of saccharin
and fruit of the control plants.
During the 1969 strawberry season, the effects of soil appli
cations of two systemic insecticides (phorate and Temik) at 1, 2 and 3
pounds of active ingredient per acre and one soil fumigant (methyl
bromide) on plant vigor, yield and quality of fruit were studied. Ob
servations were made of the effectiveness of phorate and Temik for
controlling aphids and spider mites on plants treated with the vari
ous rates of these chemicals.
xii

Temik was found to be superior to phorate in protecting

straw

berry plants from aphids and spider mites.
The highest yields of
treated with

fruit were produced by plants on soils

3 pounds of phorate per acre and on soils treated with

3 pounds of Temik per acre.

Plants on plots treated with methyl bro

mide produced yields that were significantly lower than all other
treatments.
The greatest vigor was exhibited by plants grown on soils
treated with methyl bromide.

Plants grown on soils treated with pho

rate and Temik were more vigorous than plants in the control plots.
Fruit of plants on plots treated with methyl bromide were
lower in soluble solids than fruit from plants of other treatments.

INTRODUCTION

The strawberry (Fragaria chiloensis Duch. ananassa Bailey) is
the most widely grown small fruit in the United States (17).

Our

modern day strawberry varieties originated from the crossing of Fra
garia virginiana Duch., the wild meadow strawberry of eastern North
America, and Fragaria chiloensis (L.) Duch., the beach strawberry
that grows along the pacific coast from Alaska to California, along
the Chilean Coast, and in the mountains of the Hawaiian Islands (16,
17).
Strawberries are grown commercially and for home use in every
state in the United States from subtropical Florida to Alaska.

Straw

berries have been grown commercially in Louisiana for more than one
hundred years, having reportedly been grown in the Hammond area before
1860.

Louisiana was for a number of years the leading state in both

acreage and production of strawberries.

Although the acreage and value

of strawberries has declined greatly in recent years, this continues
to be an important horticultural crop in Louisiana.
In recent years competition from other commercial strawberry
production areas has been keenly felt by the Louisiana strawberry
grower.

He has found it necessary to economize his production prac

tices in order to compete with growers in other areas of the United
States.
One requisite for successfully meeting competition is the pro
duction of high quality-fruit that will ..compete successfully with
1

fruit from other production areas.

Quality of fruit is influenced by

a number of factors, many of which (temperature, rainfall, humidity
and light intensity) are beyond the control of the strawberry grower.
However, growers can improve the quality of fruit by certain practices
followed in the production of this crop.
The control of fruit rots is important in maintaining quality
of the fruit and reducing losses before and after the fruit is mar
keted.

Chemical sprays are recommended for the control of fruit rots

in the field (34, 35).

These pre-fiarvest fungicide sprays have been

reported to*help reduce post-harvest fruit rots (64, 65).
One part of this study was to obtain more information on the
effect of pre-harvest fungicide sprays in controlling post-harvest
fruit rots of strawberries.

In addition, information on the effects

of these chemical sprays on other aspects of fruit quality was desired.
Reports that saccharin sodium was absorbed and translocated in
plants offered a possibility of improving strawberry fruit quality by
the addition of sweetening to the fruit through applications of sac
charin sprays to strawberry plants in the field.

More information on

the possibility of improving fruit quality in this way seemed desir
able.
Season-long control of strawberry pests by the application of
systemic chemicals to the soil afford many advantages to the straw
berry grower.

In addition to reducing the cost of producing the crop,

other possible advantages might be a reduction in the residue hazard
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during the harvest season and more effective control of plant pests.
Information on the effectiveness of systemic chemicals in controlling
strawberry pests, the effect of these chemicals on plant growth, yield
and quality of the fruit was desired.

REVIEW OF LITERATURE

The damage caused by the various fruit rots of strawberries
varies considerably from area to area and is influenced greatly by cli
matic conditions.

Losses due to fruit rots may be negligible if cool

dry weather prevails during the picking season.

On the other hand,

if prolonged periods of warm wet weather occur during the harvest
period, losses from fruit rots are tremendous.

Fruit rots not only

destroy the fruit in the field but affect the market price of the fruit,
as they continue to develop and cause loss in transit.
A number of organisms have been connected with the spoilage of
the fruit in the field, in transit, and on the market.

The most im

portant fruit-rotting fungi, according to Plakidas (60) are Botrytis
cinerea Pers. ex Fr., Rhizopus nigricans Ehbr., Pezizella lythri
(Desm.) Shear & Dodge, and Phytophthora cactorum (Leb. & Cohn)
Schroet.
In addition to these well known rots, Rhizoctonia solani Kuehn,
and several other fungi are known to cause the rotting of strawberry
fruit.

Mycosphaerejlla fragariae (Tul.) Lindau, the well known cause

of leaf spot, was found to cause "black seed" disease of strawberries,
particularly in Maryland and North Carolina according to Demaree and
Wilcox (19), who first described this disease.
Stevens and Peterson (82) described a fruit rot of strawber
ries which they found first in Louisiana in 1914, and which, they
state, was later found to be very Common on-berries in the market at
4
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Urbana, Illinois.

They described and identified the causal organism,

a pycnidial fungus, as Sphaeronemella fragariae.
During the 1957 season, McLean (47) observed Sclerotinia sclerotiorum (Lib.) d By., on ripening strawberry fruit in Northwest Washington.
Alexopoulos and Cation (I) reported a disease described as stemend rot of strawberries, presumably caused by Dendrophoma obscurans
(Ell. & Ev.) H. W. Anderson, the fungus known to cause strawberry leaf
blight.

This disease caused severe damage to strawberry fruits in some

plots under observation near Lawrence, Michigan, in 1947.
Five of the above mentioned fruit rots are found commonly in the
field -- gray mold rot, tan rot, hard rot, leather rot and black seed.
Gray mold rot 15. cinerea occurs throughout the United States.

It

is found on berries at all stages of their development.
Stevens (81), in 1914, noted that many of the long-distance straw
berry shipments from Louisiana suffered serious injury culminating in a
condition designated by the consignees as "molds."

Stevens identified

the causal organisms as Botrytis, probably B. cinerea.
Plakidas (59, 60) stated that infection starts as a soft brown
spot, usually on the side of the berry next to the ground or where a
berry touches another rotten berry.
berry.

The rot spreads throughout the

After the berry is completely rotted, it dries up and becomes

firm and tough, the surface being covered with a gray powder, the spores
of the fungus.
Tan rot P. lythri was first reported by Stevens and Peterson (82)
in 1916, as a new species on strawberry and identified as Patellina

6
fragariae.

Shear and Dodge (75), in 19,21, indicated that the correct

name for this disease is P. lythri as originally named by Saccardo in
1889.
Tan rot occurs commonly in the southern states, attacking both
green and ripe berries.

According to McGrew (46), the disease forms

slightly sunken, tan-colored areas on the berry surface, these usually
developing on the sides of the berries.

As the rot extends into the

berry, the rotted part enlarges and forms a cone, which easily sepa
rates from the sound part of the fruit.
Hard rot, R. solani, occurs throughout the United States; how
ever, it is less common and less destructive than some of the other
rots.

This rot attacks ripe berries and has been reported as most

serious in central Florida.

Dodge and Stevens (21), in 1920, ob

served and described this disease on strawberries in Florida.

They

stated that this disease is almost always present, yet rarely if ever
epidemic, thus attracting little attention among growers.

The affected

berries are generally one-sided, and show a hard brown rot, usually
with soil particles adhering to it, even in dry weather.

The rot usu

ally starts before the berry begins to turn red, sometimes even before
the fruit is a third grown.

An early attack on the berry will result

in a deformed fruit, but as the rot progresses rather slowly, the
upper side of the berry develops normally and ripens without showing
rot, so that one cannot tell that the berry is diseased until it is
turned over.
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Leather rot, P. cactorum, according to Rose (68), is one of the
most destructive diseases of strawberries in the southern Mississippi
Valley.

The common name, "leather rot," was suggested by Rose, who

discovered and described this disease in 1924.
In the field, leather rot affects strawberry fruits at all
stages, from blossoming to full maturity.

It is characterized by a

definite though rather slight softening of affected tissues, by both
external and internal discoloration and usually by a marked bitter
taste.

The affected tissues become tough and leathery, so that the

softening never even approximates the mushy, leaky condition produced
by Rhizopus nor the "soft rot" condition produced by Pezizella lythri.
If a diseased berry is cut across, there is no clear line separating
diseased and healthy tissue.
Felix (23), in 1958, reported the occurrence of Phytophthora.
blight in a number of berry-producing fields in middle, eastern, and
northeastern Tennessee.

He stated that an average of 50 to 65 per

cent of the pedicels, buds, flowers, and berries were affected in
some fields in the Portland area.
An occasionally important minor disease of strawberry fruits
caused by the leaf-spot fungus, Mycosphaerella fragariae, was reported
by Demaree and Wilcox (19) in 1938.

The designation "black seed" has

come into general use by growers, owing to the black color of affected
achenes and the epidermis of the receptacle immediately surrounding
their attachment.

Usually, only one or two spots occur on affected
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berries, but, occasionally, as many as eight to ten spots are found.
The berry pulp is discolored a short distance below the black surface,
but there is no general decay of an infected berry.
Rhizopus rot or "leak," Rhizopus nigricans, is by far the most
important cause of rot of strawberries in transit according to Stevens
(83, 85, 86).

The rot produced in strawberries by R. nigricans differs

from that caused by any of the other organisms discussed.

Its chief

characteristic is the rapid collapse of the berry, with the loss of
much juice.

So great is this loss that the juice often drips from

boxes or crates containing strawberries rotted by Rhizopus, and this
has given rise to the name "leak" applied to this type of rot by ship
pers and dealers.

Rhizopus has not been found of primary importance

as a cause of field rot, but usually develops in berries after they are
picked.

Field Control of Strawberry Fruit Rots

Early recommendations for the field control of fruit rots of
strawberry did not include chemical sprays or dusts.

In fact, little

work was done on the chemical control of strawberry fruit rots in the
field before the advent of the organic fungicides in the forties.
Stevens (84), in 1925, stated that good drainage of the straw
berry field was important in the prevention of fruit rots.

He recom

mended the control of weeds, so that the fruit would dry off quickly
after rains, as a preventative measure.

The removal of rotted fruit
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from the plants and the field was aiso mentioned as a beneficial prac
tice.

Picking of the fruit early in the day while it is still cool,

careful handling and sorting of the fruit was recommended in order to
reduce loss due to rots in transit.
Plakidas (61) gave the following control measures for strawberry
fruit rots in 1928.

Plants should be mulched thoroughly so that the

fruit is kept off the ground and well aerated.

Fields should be kept

free of weeds which shade the plants and allow moisture to remain on
the fruit for long periods after rains.

These measures are still con

sidered essential in the prevention of strawberry fruit rots.
The first systematic experiment for the control of fruit rots
of strawberries by spraying was reported by Stoddard and his co-workers
(88) in 1924.

In these early experiments Bordeaux mixture, copper lime

dust, and dusting sulphur were the chemicals used.

Five applications

of the spray and dusts were made before picking began.

The writers

concluded that spraying with Bordeaux mixture, and in some cases, dust
ing reduced losses from rots sufficiently to more than justify the ex
pense of the treatment.
Felix (22), in 1948, applied seven fungicides to strawberries
in one to four applications, at five to seven day intervals, begin
ning one week after blossom appearance and ending one week before
harvest began in an attempt to control strawberry fruit rots.
fungicides used were:

The

Copper carbonate, phygon, Fermate, Mycoban,

as dusts and sprays; Tribasic copper sulphate and Spergon as dusts;
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and Dithane D-14 spray.

He found that none of the fungicides, as tested,

appeared promising for strawberry fruit rot control, except possibly cop
per carbonate against Botrytis gray mold.

He further stated that none

of the fungicides seejned to affect yield, although Dithane, Phygon, cop
per carbonate and tribasic copper sulfate resulted in slight foliage
injury.

Dithane, even in a single early application, decidedly impaired

the flavor of fresh strawberries harvested throughout the season.
Power (63), in 1952, reported the results of early spring appli
cations of several fungicides on the control of Botrytis cinerea of
strawberries.

Two applications were made, the first with the appearance

of blossoms, and the second about 5 to 22 days later.

The fungicides

used were Bordeaux mixture, Orthocide 406, ferbam, Dithane Z-78 and
Phygon XL.

He concluded that ferbam and Orthocide 406 showed promise

for the control of Botrytis cinerea on strawberries when used in two
applications starting at the early bloom period.

This work demonstrated

for the first time that certain fungicides may be used effectively in
the field against fruit rots of strawberry.
A fungicide screening test, including 41 treatments, was con
ducted by Horn (32) in 1952.

Applications of fungicides were made at

7-day intervals starting January 15 and ending February 25.

Three of

the fungicides tested were reported to give good control of Botrytis
cinerea.

These were dehydroacetic acid, Crag Experimental Fungicide

5400, and Orthocide 406.

Horn stated that Orthocide 406 provided the

best control of the entire group.

He observed that in addition to

11
providing the best control of rots, the material seemed to have a stim
ulating effect on the plants.
Horn (32) employed two methods to detect fungicidal action on
the conidia of Botrytis cinerea in the laboratory.

In one method the

fungicides and conidial suspensions were mixed together and placed on
glass slides and the percentage germination determined after 24 hours.
In the other method, green to white berries were dipped into combined
suspensions of conidia and fungicides and the number of rotted fruits
compared with the number of unrotted fruits after a period of incuba
tion.

In four tests, conidia in contact with DHA-S, Crag Experimental

Fungicide 5400, or Orthocide 406 on glass slides did not germinate,
whereas, there was 99 per cent germination in the controls.

In the

fruit dip method, the same three fungicides reduced the development
of the fungus.
Power (64) obtained a reduction in the amount of gray mold in
fection of strawberry fruit from the application of five pre-harvest
sprays of 50 per cent captan.

Approximately 75 per cent more gray

mold infection was exhibited by the control plots than by the treated
plots.

An increase in production of 84 crates per acre was obtained

as a result of spraying.
‘benefited
creased.

Observations indicated that the plants had

nutritionally from the captan and that fruit size was in
Powell also stated that captan delayed the development of

post-harvest rot.
A greenhouse method of using ripening soft fruits for testing
fungicides against Botrytis rot has been reported by Moore and Tew (50).
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The method consisted of dipping a field sample of fruit in, or dusting
them with suitably formulated chemicals, then inoculating with a sporesuspension of Botrytis cinerea and incubating in a moist chamber.

These

workers found thiram to be superior to captan and salicylanilide when
each was applied at the rate of 0.5 per cent active ingredient.
Marsh et al. (45), in 1955, reported a preliminary field trial
of fungicides for use in controlling strawberry fruit infection by
Botrytis cinerea.

Three sprays, applied during the period from blossom

to harvest, of 0.25 per cent captan or 0.4 per cent thiram, reduced
Botrytis rot to approximately one-third of the level on the correspond
ing unsprayed plots.

They reported that sprays containing 0.2 per cent

tecnazene or 0.2 per cent salicylanilide gave no control of the disease.
A reduction in the percentage of fruit rot and an approximately
30 per cent increase in yield was obtained by Kirby e_t al. (39) from
the application of two post-bloom sprays of captan.

Captan (50 per

cent wettable powder) was applied at the rate of 2 pounds per 100 gal
lons of water used.
In greenhouse trials thiram and dichlone gave good control of
gray mold of strawberries for 18 days after spraying, according to
Stoddard and Miller (87).

Captan gave moderate control for 10 days.

Pot-grown strawberry plants, with buds, flowers and small green fruit,
were sprayed once with the various fungicides tested.

After the spray

residue had dried, the plants were inoculated with heavy spore suspen
sions and kept in a moist chamber for the duration of the experiment.
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In a field control test, Miller and Stoddard (48) obtained a
reduction in gray mold infection of strawberries from the application
of three sprays of thiram, dichlone, or captan.

The sprays were ap

plied starting at bloom and spaced 10 to 14 days apart.

Thiram and

dichlone were reported to have reduced the number of infected berries
to less than one-third that of the control, while captan plots had twothirds as many infected berries as the control.
Cox and Winfree (13) reported an increase in Botrytis gray mold
of strawberries from nabam-zinc sulfate and zineb sprays.

Dichlone

was reported to give the best control of gray mold; however, thiram
and Dyrene were almost as effective.

Dichlone, according to these

workers, caused severe stunting of the plants but no noticeable leaf
damage.

Dyrene caused a slight bronzing of the leaves and some stunt

ing.
Miller and Stoddard (49) found that thiram gave the best con
trol of gray mold of strawberries, followed by dichlone, and that
captan was less effective than either thiram or dichlone.

Thiram was

reported to reduce post-harvest rot by two-thirds at 16 days after
spraying, but gave practically no control 21 days after spraying.
A field method of testing fungicides for the control of Bot
rytis rot of strawberries was reported by Horn (33) in 1958.

Six

fungicides were tested on two varieties of strawberries under the
spraying system:

Captan plus BTC-?824, Merbam, captan (control),

thiram, Coromerc, and BTC-824 alone.

The average per cent of rots,
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in the order of the treatments listed, were as follows:

on the variety

Headliner, 10.0, 25.0, 7.3, 9.3, 6.6, and 38.6; on the variety Konvoy,
35,0, 71.0, 22.0, 21.0, 34.0, and 86.0.

In these tests a sprinkler

system was used to maintain high moisture conditions during the day
in order to insure Botrytis rot.
Powelson (65) noted that strawberries grown in the greenhouse
under conditions favoring severe disease development were attacked less
frequently by Botrytis if petals, stamens and calyxes were removed after
fertilization.

Isolations and histological studies, by Powelson, showed

that Botrytis mycelium was present in senescent petals, stamens, and
calyxes of marketable fruit and that this was a source of infection for
the healthy strawberry fruit.

It was reported that three pre-harvest

applications of captan significantly reduced rot incidence in the field,
and also, the amount of latent infection of marketable fruit.

This

worker expressed the belief that the calyx is the primary pathway of in
fection and that the fungicidal sprays protected the calyx against in
fection.

This accounted for the comparatively low percentage of rotted

fruit from plots receiving pre-harvest captan sprays.
Horn and Hawthorne (35) reported several years results of field
testing fungicides for control of Botrytis rot of strawberries.

They

reported that Phaltan, Dyrene, dichlone, thiram, DHA-S, and captan
were the most effective materials used to control the disease.

Captan

was reported to be the best fungicide for commercial use because of
its high mammalian tolerance in addition to its effectiveness in
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controlling B. cinerea and Mycosphaerella fragariae.

Thiram was recom

mended for the .control of fruit rot only.
Captan and thiram are recommended for the control of strawberry
fruit rots in Louisiana (32, 33, 34, 35, 60).

Horn et ajL. (34, 35)

recommends the application of captan at the rate of 3.8 pounds active
material or 7.6 pounds formulated material per acre.

It should be

applied to strawberry plants starting about the middle of February in
a 7- to 10-day spray schedule.

Thiram should be applied at the rate

of 3.25 pounds of active material of 5 pounds of the formulation per
acre three days or longer in advance of harvest.

It should be used in

a 7- to 10-day spray schedule.

Post-Harvest Control of Strawberry Fruit Rots

Much can be accomplished in post-harvest control of fruit rots
by practicing preventive measures such as careful handling of the fruit
in picking, packing and shipping; careful culling in the packing opera
tion to remove diseased fruit; and fast cooling of the fruit.

In addi

tion to these measures, fungicide sprays used for field control of fruit
rots have been reported to delay the occurrence of post-harvest rots.
A number of workers (5, 6, 10, 11, 14, 15, 20, 40, 44, 55, 78,
79, 90, 93, 98, 99, 100, 101) have contributed to the post-harvest
control of strawberry fruit rots.
Brooks e_t aJL. (10), reported in 1932 that the control of dis
eases and other forms of spoilage of various fruits and vegetables
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could be accomplished by subjecting the products to different percent
ages of carbon dioxide.

The effect of the carbon dioxide upon the

flavor of the product was found to set definite limitations on this
method of treatment,, however.

With strawberries the first effect

resulting from the carbon dioxide treatments was slight loss of aroma.
In prolonged or severe treatments, a loss of flavor and finally the
development of an odor of fermentation, was reported by these workers.
However, fairly good control of Botrytis and Rhizopus rots by 23 per
cent of carbon dioxide and complete inhibition by 37 per cent was re
ported.

The berries were exposed to an atmosphere containing vary

ing amounts of carbon dioxide for periods of 22 to 140 hours.
During the 1936 season, a number of experiments were conducted
by Winter and his associates (99) on carbon dioxide treatments of rasp
berries and strawberries.

Concentrations of 20 to 100 per cent carbon

dioxide gas were used for periods varying from 2 to 20 hours.

They

found no objectionable flavor development with initial concentrations
of 45 to 60 per cent carbon dioxide.

They observed that the firmness
t

of the fruit and brightness in color was retained much better than in
the control lots.

The development of mold was retarded to a marked

degree.
Winter ^t al. (98) found that it was possible to extend the
time that red raspberries and strawberries could be held in good mar
ket condition by treating the fruit with carbon dioxide.at temperatures
of 55 to 60 degrees F. and 80 to 90 per cent relative humidity.

An
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initial concentration of 30 per cent carbon dioxide was found to be
most practicable, and no advantage was found in using a constantly
maintained concentration of the gas.

Initial concentrations of 45

per cent or more carbon dioxide and maintained concentrations of 25
per cent or more, were reported to produce a loss of flavor in these
fruits after varying periods of exposure.
Strawberries were kept in good marketable condition for 3 to
4 days in a continuous treatment of 15 per cent carbon dioxide at
50 degrees F.,

by Van Doren et al. (93).

They found that the fruit

remained marketable at room temperature after the storage treatment
for a period of time sufficiently long to have them marketed and con
sumed in good condition.

They stated that this treatment was superior

to ordinary cold storage at 32 degrees F. because of better color of
berries, less sweating and subsequent mold, and slower ripening.
Couey et al. (15) observed that the decay of fresh strawber
ries by Botrytis cinerea was decreased by reducing the ambient oxygen
concentration to 0.50 per cent or less.

The fruit was evaluated after

5 days at 3 degrees C. in the reduced oxygen and after an additional
2 days at 15 degrees C. in air.

Objectionable off-flavors developed

in fruit held at oxygen concentrations of 0.25 per cent or less.
Heat pasteurization was reported to greatly reduce the decay
of California strawberries, by Couey and Follstad (14).

Post-harvest

decay of strawberries, caused by B. cinerea and R. stolonifer, was
controlled effectively by heat pasteurization using moist air at 44
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degrees C. for 40 to 60 minutes.

Slight heat injury was noted occas

ionally after a 60 minute exposure.

Treatment had no effect on flavor

or texture.
A number of workers (5, 20, 78, 90, 100, 101) have investigated
the effectiveness of chemical dips for the control of post-harvest
rots of strawberries.
Young and Benche (101) used chemical dips and volatile gas
treatments in an attempt to control storage rots in raspberries, straw
berries and cherries.

These workers reported excellent control of the

common storage molds, Rhizopus, Botrytis, and Alternaria, with DHA-S
dips.

The sodium salt of dehydroacetic acid in 0.5 per cent solution,

applied as a fruit dip, provided the most effective control of fruit
rots.
In screening tests conducted in 1955, Dimarco and Davis (20)
used a number of chemicals as dips to determine their value in con
trolling Botrytis and Rhizopus rots of harvested strawberries.

The

most effective materials were added to the cooling water (32 degrees
F.) in a hydrocooler in 1956 and further studied.

The berries were

cooled for twenty minutes and were compared to dry berries and ber
ries hydrocooled without the addition of chemicals.

In these tests,

the chemical Mycostatin afforded the best control of rots.

After

8 days storage at 42 degrees F., Mycostatin-treated berries graded
70 per cent good as compared with 30 per cent and 57 per cent good
for the hydrocooled and dry check.

After 4 days storage at room
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temperature, 65 per cent of the Mycostatin-treated berries were healthy
as compared with 0 and 3 per cent for the hydrocooled and dry check,
respectively.

Captan was reported to give some degree of control but

it left a visible residue on the fruit which would be very objection
able from the marketing viewpoint.
Becker £t al. (5) tested the effectiveness of a number of antifungal antibiotics in the control of Botrytis and Rhizopus rots of
strawberry.

The antibiotics were applied as a dip to the fruit which

had previously been inoculated with a concentrated spore-mycelium
suspension of Botrytis cinerea.

After the fruit had dried it was then

sprayed with a spore suspension of Rhizopus stolonifer (R. nigricans),
air dried and stored at 21 degrees C.

They reported that oligomycin-

and cycloheximide-treated fruit showed less decay after 48 hours than
did fruit from all other chemical treatments, as well as the dry con
trol.

Captan and several of the antibiotic treatments suppressed

decay to some extent when compared with the water control.

After 72

hours of storage the dry-control berries manifested the least decay of
any treatment.

It was noted that Rhizopus was the predominating fungus

of the disease complex.
Thompson (90) applied several chemicals, including cyclohexi
mide, captan, sodium orthophenylphenate, streptomycin, and dehydro
acetic acid, in varying concentrations and combinations of treatment
time, as post-harvest dips on strawberries.

He found that captan and

dehydroacetic acid were the only materials effecting a control of
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fruit rots produced by B. cinerea, R. nigricans, and. an unidentified
fungus.

Dehydroacetic acid (sodium salt) was observed to be the most

effective material.

Best results were obtained with concentrations

of 0.5 to 1.0 per cent applied as a dip of less than five minutes dura
tion.
Smith and Worthington (78) reported a reduction in post-harvest
decay of strawberries by heat treatments and by dipping the fruit for
15 seconds in 0.5 per cent solutions of the sodium salt of dehydro
acetic acid.

Exposure of strawberries to 110 degrees F. air for one-

half hour at 98 per cent, or one hour at 90 per cent relative humidity
effectively reduced post-harvest decay.

They reported that pre-harv/^st

sprays of thiram or Botran did not reduce post harvest decay.
Less decay resulting from Botrytis and Rhizopus was recorded
when red raspberries were dipped in 0.4 per cent or 0.5 per cent solu
tions of DHA-S or 125 degrees F. water, or fumigated with 0.25 per
cent sulfur dioxide, or exposed to 110 degrees F. air of high relative
humidity, according to Worthington and Smith (100).

Treated fruit was

stored four days at 60 degrees F. and compared with dry untreated ber
ries .
A number of workers (6, 11, 40, 44, 55, 79) have employed irra
diation in an attempt to control post-harvest rots of strawberries.
Beraha ej: al. (6)

showed that Gamma radiation at approximately

2 x 10-* rep, either alone or in combination with refrigeration,

mark

edly prolonged storage life of non-inoculated strawberries by delaying
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development of both Rhizopus nigricans and Botrytis cinerea without
visible radiation damage.
Nelson £t al. (55) reported that strawberries irradiated in
monolayers showed no injury at 2 x 10-* rep; at 4 x 10^ their inter
iors had a water-soaked appearance as well as a "cooked" odor and
were off-flavor; and at 8 x 10^ the berries exuded juice.

They

stated that there appears to be a range of doses that has marked
fungistatic effect without producing apparent injury.

The effects

are reported to be temporary, but of sufficient magnitude and dura
tion as to increase the post-harvest life of the fruit.
Lovell (44) found that 150 krad of radiation would effectively
reduce fungus spoilage in Louisiana strawberries and would not ad
versely affect consumer acceptability.

He noted that the most seri

ous side effect of radiation on strawberries, usually observed when
radiation levels are too high, was a softening of fruit tissue.
Radiation levels of 200 and 300 krad reduced decay incidence
in strawberries stored at 35 degrees and 50 degrees F., according to
Kuhn and Merkley (40).

They observed that incidence of soft fruit

was considerably higher in berries given 200 and 300 krad doses.
They noted that cooling fruit immediately after harvest greatly re
duced the number of decayed berries.
Chalutz £ t al. (11) found that gamma irradiation markedly
delayed the development of lesions from field infections of Botrytis.
These workers reported that irradiation does not increase the suscep
tibility of strawberries to post-irradiation infections with li.
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cinerea; however, irradiation may make fruit more subject to mechani
cal injury.

It was further reported by these workers that combining

controlled atmospheres with irradiation to inhibit B. cinerea rot did
not appear to be a worthwhile practice.
Heat and gamma radiation interact synergistitally to inactivate
post-harvest pathogens, according to Sommer _et al. (79) . ; These work
ers obtained maximum inactivation of Botrytis cinerea conidia from
simultaneous application of heat and radiation.
Fruit quality of strawberries is influenced by a number of fac
tors.

Climatic conditions, especially temperature, rainfall, humidity,

and light intensity have been reported by a number of workers to affect
fruit quality (16, 17, 26, 38) .
Kimbrough (38) in 1930, studying the effect of fertilizer treat
ments on strawberries, noted that weather conditions, especially amount
of rainfall, had a more marked effect on composition of fruit than the
i

various fertilizer treatments.

Fruit was higher in moisture content

and lower in sugar content when rainfall was heavy.

He also observed

that berries from unwatered plants were slightly firmer than those
from watered plants.

Fruit from watered plants were larger, however.

Giamalva (26), in a study of ecological influences on ascorbic
acid, firmness, and solids of strawberries, observed that clear weather
with a high intensity of sunlight: produced fruit of high quality.
Rainy weather resulted in fruit of poor quality.

The ascorbic acid

content of the fruit was found to vary with variety and intensity of
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sunlight.

A negative correlation was found between firmness and rela

tive humidity, the higher the humidity the less firm the fruit.

The

ecological influences studied were reported as having little effect on
soluble solids of the fruit.
According to Darrow (16), both temperature and humidity affect
firmness of fruit.

He observed that the Sparkle variety is considered

to be a firm berry in the northern United States, but it is too soft
to be a market berry in the warmer climate of Maryland.

Darrow (17)

noted, also, that climate and local weather conditions affect dessert
quality of strawberries.
flavor.

He stated that temperature greatly affects

In general, varieties grown where there are sunny days and

cool nights have better flavor than those grown where there are
cloudy, humid days and warm nights.
Several workers (28, 57, 69, 77, 92, 94) have investigated the
effects of fertilizer levels, chemical sprays and storage conditions
on fruit quality.
The relation of rate of fertilizer application to firmness and
chemical composition of strawberries was investigated by Webster and
Gray (94) in 1937.

They reported that nitrogen applications of up to

2,000 pounds of ammonium sulfate per acre did not significantly alter
the firmness of the fruit.

The heaviest fertilizer application re

sulted in lower carbohydrate content of the berries, but did not
alter the total solids, insoluble residue or pectin values.
Sistrunk (77) studied the effect of fertilizer levels, mold in
hibitor spray, and holding fruit prior to processing on quality of
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fresh and frozen strawberries.

He found that differences in the fresh

fruit due to field treatment alone appeared to be minor as compared to
harvest date and holding.

Marked differences in fresh fruit quality

was observed when harvesting was delayed and when fruit was harvested
late in the season.

Differences in quality between fruit from plots

either sprayed with captan or unsprayed could not be detected by the
objective tests used.

Spring applications of fertilizer were reported

to decrease firmness and increase the solubility of cell wall constitu
ents in fresh strawberries.
Trichenor et al. (92), in a study designed to evaluate pesticides
for flavor effects in strawberries, found that none of the pesticides
tested imparted detectable off-flavors to frozen strawberries,
fruit harvested one day after spraying.

even to

Twenty-one insecticides and

five fungicides were judged for flavor effects on fruit.
According to Parsons et al. (57), taste panelists detected no
significant flavor differences between strawberries held continuously
in 100 per cent nitrogen and those held in air for periods up to ten
days.

After removal of fruit from treatment atmospheres at 33 degrees

F., the fruit was held for three days in a display case at 55 degrees
F.

During this display period, fruit which had been held in 99 per

cent and 100 per cent nitrogen softened more rapidly than fruit held
continuously in air.

Mold growth, during the same period, was reported

to be retarded on strawberries previously stored in nitrogen atmos
pheres .
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Hegwood (28) found that no marked differences in firmness of
strawberry fruit occurred as a result of rate and number of applica
tions of nitrogen to strawberries.

Soluble solids were observed to

be slightly higher in fruit from the control plots.

In the Dabreak

variety, the dry matter content of the fruit was found to be high
est in fruit of the control plots; however, the highest dry matter
content of the Headliner variety was found in fruit from plots re
ceiving a single application of 80 pounds of nitrogen per acre.
Saxena and Locascio (69) reported that various rates of nitro
gen and potassium did not affect the compression resistance of fresh
strawberries significantly.

They observed, however, trends for in

creased compression resistance with increased rates of nitrogen and
a reduction in the compression resistance with increased rates of
potassium.

Soluble solids content of the fruit was not significantly

influenced by treatments.

Titratable acidity of fruit increased

linearly with increased rates of applied potassium.
The discovery that saccharin and sodium saccharin are absorbed
and translocated in plants has offered a possible way of improving
the quality of fruits and vegetables by the addition of sweetening to
the product before it is harvested.

The number of reports on the use

of these materials for this purpose appear to be limited.
Saccharin sodium was applied to peach and apple trees in an
attempt to add sweetening and improve fruit quality by Lasheen and
Russell (42).

They found that when saccharin was injected into peach

trees, severe injury to leaves and certain limbs resulted.

Leaf and

fruit samples taken from injured limbs were found to have a high sac
charin content.

When saccharin sodium was sprayed on McIntosh apple

trees at the rate of 72 grams per tree 7, 9, and 12 days before har
vest, sauce prepared from fruit picked from sprayed trees was sweeter
than sauce prepared from fruit of control trees.

These workers re

ported a definite correlation between the amount of saccharin recov
ered in the fruit and the time of application.

They reported that

the shorter the time interval between spraying and harvest of fruit,
the higher the saccharin content of the fruit.

Analysis of fruit

indicated that saccharin sodium was absorbed and translocated in
apple trees, and that the material broke down after being absorbed
and translocated.

This breakdown was reported to continue progress

ively in apples during cold storage.

Lasheen (41) devised a method

of determining saccharin in plant extracts.

Data presented indi

cated that the method was accurate, sensitive, reproducible, and
adaptable to different plant materials.

Systemic Insecticides
Season-long control of strawberry pests by the application of
systemic chemicals to the soil afford many advantages to the straw
berry grower.

Among these would be more economical and effective

control of the various pests, as well as a reduction in the residue
hazard during the harvest season.

Many workers have investigated

the effectiveness of systemic pesticides for the control of insects,
mites, and nematodes on various crops.
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Wilcox and Howland (95) obtained excellent control of both
aphids and spider mites on strawberries by the application of Thimet.
The chemical was applied at the rate of one-half pound and one pound,
of active material, per acre to furrows near strawberry plants and as
foliage sprays."

They reported that applications of Thimet sprays in

the furrow near the strawberry plants were as effective as foliage
sprays and more effective than applications of the granulated material,.
In a separate experiment by Wilcox and Howland (96), a number
of systemics were applied in low- and high-gallonage sprays on straw
berry, lima bean, and Swiss chard.

Methyl demeton, demeton and

schradan were reported to have held the populations of mites below
5 mites per leaflet for more than four weeks and were more effective
than Thimet, American Cyanamid 12008, and Pyrazoxon.

These workers

stated, however, that the last three materials were used at lower
rates of application.
Control as high as 95 per cent, of the two-spotted mite on
lima beans, by the application of phorate and Di Syston on the seed
or in granulated or liquid form in the soil with the seed, was re
ported by Wilcox and Howland (97).

Dosages of less than one pound

were observed to be as effective as higher dosages and showed no
appreciable phytotoxicity.

Crop yield was increased and little or

no residue was found in the dry beans.
Getzin and Chapman (25) observed that plants can absorb
greater amounts of phorate from sands and sandy soils than from
heavier soils.

They noted that phorate uptake from soils containing
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high amounts of organic matter was extremely poor as compared with up
take from other soil types.

They further stated that more effective

insect control was obtained from the sandy soil treatments than from
the silt loam soil treatments.
The effects of soil types and methods of application upon the
uptake of systemic insecticides by cotton plants were investigated by
Zaki and Reynolds (102).

Phorate, demeton and dimethoate were applied

as seed treatments, as granulated formulations at time of planting,
and to established cotton plants in the greenhouse.

Fine sandy loam,

loamy fine sand, clay loam and silty loam soils were used to study
the effect of soil type upon chemical uptake.

All seed treatments

were reported to retard germination, especially in the lighter soils;
soil treatments at time of planting also proved injurious, but were
less severe.

Phytoxicity was more pronounced with seed treatments.

The highest levels of toxicant concentrations and the fastest absorp
tion were found to occur on the lighter soils.

The pH of the soil

was reported to have little or no effect on toxicant uptake.

Plants

treated with phorate and demeton retained some degree of toxicity for
about 64 or more days, with the phorate treatments being slightly more
effective than demeton.
Anderson ej: al. (2) studied the activity and localization of
phorate residue toxins in chrysanthemums treated with soil drenches.
They found that cholinesterase-inhibiting residues of phorate per
sisted in the foliage of chrysanthemums 141 days after treatment.
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They observed cholinesterase-inhibiting residues of phorate were as
much as 47 times greater in chrysanthemum foliage than in terminal
inflorescences of the same plant.

Because of this differential dis

tribution of the toxicant in the plant aphids were found to survive
on terminals, and mites survived in inflorescences of otherwise systemically toxic plants.
Effective control of two-spotted spider mites on roses was ob
tained with bi-weekly applications of demeton and phorate, according
to Henneberry et al. (29, 30).

These chemicals, applied as sprays

alone or in combination with fungicides, reduced mite populations
early in the season but were found to be ineffective later in the
season.
Rodriguez and Chaplin (67) obtained good control of mites on
strawberries with demeton and phorate applications.
Neiswander (54) found that approximately one week was required
for 10 per cent phorate granules to become effective after being ap
plied to the soil.

Chrysanthemum plants were protected from mites

until they were in bloom and ready for sale by the application of
250 grams of 10 per cent phorate granules per 100 square feet of
soil area.

Phorate was reported to be the most effective material

tested in control of flower thrips.
Varying rates of phorate and Di Syston were applied in bands
in the row at planting time, by Patterson and Rawlins (58), for the
control of potato insects.

Phorate was found to provide seasonal
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control of the flea beetle two years out of three.
better control of aphids than phorate.

Di Syston gave

A split application, con

sisting of one-half of the dosage applied at planting time and the
other half applied in the row at mid-season, did not appear to have
any advantage over the application of the full dosage at planting
time.
In preliminary tests involving ten different materials,
Schaefers (71) observed that dicofol and granular phorate provided
the best control of two-spotted spider mites on strawberries.

The

possibility of using phorate as an "eradicant" treatment late in the
summer, prior to the fruiting season, was investigated in a subse
quent experiment.

Phorate at the rate of two pounds of active mater

ial per acre was applied to four plantings of strawberries on
September 12, 1962.

The material was sprinkled over the rows.

April 8, 1963, plants were examined for presence of mites.

On

Although

fair control resulted, a residual population of 2.7 mites and eggs
per leaf was found.

Because of this, it was concluded that the ap

plication of phorate at the rate of 2 pounds actual per acre was
unsatisfactory as an "eradicant" treatment for mites on strawberries.
He further stated that it was not clear whether the results obtained
were due to the slow rate of plant growth or the reduction of phorate
dosage from 4 to 2 pounds of active material per acre.
Clower et al. (12) reported that Di Syston and phorate applied
at rates of .4 to .5 pound per 100 pounds of cotton seed provided
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protection against infestations of thrips and aphids for two to three
weeks after emergence.
(18).

Similar results were obtained by Davis jet a l .

These workers applied phorate to cotton seed and phorate and

UC-21149 granules in the furrow at planting.

Thrips were effectively

controlled for 4-5 weeks by all treatments and populations of cotton
aphids and serpentine leafminer were lower in all treated plots.
UC-21149 granules applied in the furrow at planting gave the most
effective control of the cotton fleahopper.
Soil applications of granular UC-21149 and NIA-10242 were re
ported to give complete control of birch leafminer for two years and
seasonal control of holly leafminer and Andromeda lace bug by Schread
(73).

Neither compound caused any noticeable phytotoxicity.
Baranowski (4) obtained excellent mite control on field and

hydroponically grown roses with applications of UC-21149.

Mites were

controlled for periods up to 7 weeks with a single application at the
rate of 10 pounds of active material per acre.
lent mite control,

In addition to excel

the plants responded with increased growth,

stronger and longer stems and increased flower production.
Strawberry plants Side-dressed with phorate or disulfoton were
observed by Shanks (74) to have more aphids than the control plants
early in the summer.

It was hypothesized that the plants initially

absorbed sublethal amounts of toxicant which stimulated aphid re
production or altered plant composition providing superior nutrition
for the aphids.
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Gerhardt (24) reported good season-long control of the potato
psyllid and the green peach aphid on Kennebec potatoes from applica
tions of 20 pounds of 10 per cent granular Temik per acre in the
fertilizer band at planting time.

Temik was found to be more effec

tive for the control of these pests than granular phorate or foliar
spray applications of Diazinon or carbaryl.
Phorate at two pounds of active material, applied as a sidedress, effectively reduced aphid populations on tobacco according to
t

Harrison and Wooldridge (27).
Oatman £t al. (56)

found that good initial spider mite con

trol on strawberries could be obtained with pre-planting and post
planting sidej-dress applications of phorate granules.

Phorate

granules applied in late August, prior to transplanting, gave good
initial control of the two-spotted spider mite, but were not effec
tive in March.
Temik granules, applied at the rate of 5 pounds of active
material per acre to alfalfa grown for seed production, gave good
control of the lygus bug and pea aphid in tests conducted by Johansen
and Eves (37).

Season-long control was obtained on some plots.

Reynolds et al. (66) observed that granulated systemics, par
ticularly phorate, have obvious advantages over conventional insec
ticides for controlling pests of sugar beets.

One early application

of phorate granules for green peach aphid control inhibited the de
velopment of spider mite and leafhopper populations much later in
the season.
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Neel and Belcher (53) evaluated black locust seed treated with
systemic insecticides with reference to phytotoxicity and effective
ness in controlling the cowpea aphid.

Satisfactory aphid control

for 61-75 days was obtained with phorate (44 per cent dust) treat
ment.

When latex was used with the systemic insecticide, the

activity of the insecticide was prolonged.
Thompson (91) reported that the application of phorate, in the
furrow at planting time, effectively prevented lettuce yellows virus
disease through control of the vector, the aster leafhopper.

Control

for as long as 11 weeks after application was obtained.
Pond (62) found UC-21149, applied at planting time at the rate
of 16 ounces of active ingredient per acre, to be the most effective
granular systemic insecticide for the control of aphids on potatoes.
Almost season-long protection of strawberry plants from twospotted spider mites was reported by Shorey £t _al. (76) from appli
cations of phorate granules.

Phorate applied at the rate of 2 pounds

of toxicant per acre in the furrow into which strawberry plants were
transplanted, provided effective control of two-spotted spider mites
for approximately six months.

It was noted, however, that strawber

ries transplanted in August were not protected against spring mite
infestations.
Hoyman and Dingman (36) reported a delay in vine symptoms of
Verticillium wilt and an increase in yield of potatoes from applica
tions of granular Temik.

The application of 15 pounds per acre of

10 per cent granular Temik at planting and the same amount applied
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as a side-dressing 39 days later, resulted in increased yields and a
delay in vine symptoms of Verticillium wilt.

They further observed

that only 0.29 per cent of the tubers from Temik-treated plants had
root-knot nematode galls, whereas, 64 per cent of the tubers from
non-treated plants had galls.
Asquith (3) obtained satisfactory control of the European red
mite, two-spotted spider mite, and apple aphid by soil applications
of Temik granules.

Ten per cent granular Temik was applied in 3

foot-wide bands under the dripline of 15-16 year old apple trees.
Tashiro and Beavers (89) obtained virtually complete control
of iqdtes for 15 weeks from all rates of UC-21149 applied to citrus
trees.

Sixty-one weeks after treatment one of the higher rates of

application still afforded a 94 per cent reduction in mites when
compared with the control.

None of the rates of application were

observed to be phytotoxic to the trees.

Boling and Dean (8) also

found Temik to be effective in the control of mites and insects of
citrus.
Hopkins and Taft (31) reported that 10 per cent granular
Temik applied at time of planting effectively controlled the boll
weevil and other cotton pests.

They found that the toxicant did not

adversely affect fruiting, germination, percentage of lint, seed
index, or fiber quality.
Good control of the reniform nematode on sweetpotatoes by
in-the-row treatment with Temik was reported by Birchfield and
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Martin (7).

Control of reniform nematodes resulted generally in in

creased yields and improved grade of sweet potatoes.
Brodie (9) applied granular formulations of phorate and Temik
to the surface of the soil and incorporated the chemical into the
upper 8 inches with a roto tiller.

Control of both sting and stubby-

root nematodes was obtained for 12 weeks on most crops by both chemi
cals .
Temik, as 10 per cent granules, applied at the rate of 6 pounds
of active material per acre in rows, provided effective control of
aphids on raspberry nursery stock, according to Schaefers (72).

Temik

was found to provide superior control in comparison with several addi
tional granular systemic materials.

MATERIALS AND METHODS

This study consisted of three separate, though related, experi
ments involving a single variety of strawberries.

The

strawberry variety was used in all three experiments.

'Headliner'
The study was

conducted in the field, laboratory and in controlled temperature
storage at two locations, Baton Rouge and Hammond, Louisiana, during
the 1960 and 1969 strawberry seasons.
A major part of the study was conducted during the 1960 sea
son at Louisiana State University.

This part of the research in

volved the use of three fungicides, applied at various rates to
strawberry plants in the field.

A study was made of the effective

ness of these chemicals for controlling fruit rots in the field and
after harvest during storage of the fruit.

Laboratory analyses were

made on the harvested fruit during the season to determine if these
chemical sprays affected fruit quality.
In a separate experiment during the 1960 season, various
rates of saccharin sodium were applied as foliage sprays to straw
berry plants in the field.

The effects of these sprays on the plants

on yield, and on sweetness and quality of the fruit were studied.
The experiment during the 1969 season was located on the farm
at Southeastern Louisiana College, Hammond, Louisiana.

In this

study two systemic insecticides, at three rates of application, and
one soil fumigant were applied to prepared rows prior to planting
36
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strawberries.

Their affect on vigor, yield, and quality of fruit was

studied during the course of this experiment.

Fungicide Studies
The Headliner variety of strawberries was used in this study.
The plants were planted November 13, 1959.

The experimental plot was

fertilized uniformly with 5-10-5 fertilizer at the rate of approximately
600 pounds per acre, several weeks before planting.

A randomized com

plete block design was selected as the planting design to be used in
this experiment.

The individual treatment plots were 17.5 feet long

with 35 plants planted double on 42-inch rows.

The eleven treatments

included in the experiment were replicated five times.

Guard rows,

planted with the same variety of strawberries, were used to minimize
the "border effect" of the outside plots.
On December 29, 1959, the plants were scraped and mulched with
pine needles.

On March 4, 1960, the plants were top-dressed with a

mixture of three parts of 5-10-5 fertilizer and one part of cotton
seed meal applied at the rate of approximately 600 pounds per acre.
The fungicides and their rates of application used in this
experiment were as follows:
(1)

DHA-S:

Dehydroacetic acid, sodium salt (Harven)

3-Acetyl-6-methyl-2,4-pyrandione, applied at four
rates, 1/2 pound, 1/4 pound, 1/8 pound and 1/16
pound of active ingredient per acre.
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(2)

Captan (Orthocide) N-trichloromethylthio-4cyclohexene-l,2-dicarboximide, applied at two
rates, 2 pounds and 4 pounds of active ingredi
ent per acre.

(3)

Hortesin, an experimental, systemic fungicide
developed by The Dow Chemical Company, applied
at four rates, 1/2 pound, 1 pound, 2 pounds and
4 pounds of active ingredient per acre.

No

fungicides were used on the control or check plots.

A Champion knapsack sprayer was used to apply the chemical sprays.
The sprayer was calibrated and the quantity of water required to cover
87.5 feet of row determined.
treatment plots.)

(This was the combined length of five

The amount of chemical required to provide the

desired concentration was then calculated and added to this quantity
of water.

The spray was applied until runoff, and directed soas

get

much coverage

as

to

as possible under the plants as well as ontop.

The first spray application was made March 30, 1960.

A total of five

applications was made at 7-10 day intervals with the last application
being made April 30, 1960.
The first harvest of fruit was made April 14, 1960.
of eleven harvests \was made.
weekly.

A total

Fruit was picked approximately twice

Marketable fftiit was weighed at each harvest and the yield,

in grams, of each plot recorded.
Starting with the fourth harvest on April 26, 1960, rotted fruit
from each plot was collected and weighed.

This was continued for the
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next seven harvests, giving the weight in grams of rotted fruit of
each plot in the experiment for seven harvest dates.
Samples of fruit were taken at various times during the season
for storage studies and laboratory analyses.
The effectiveness of field spray applications of fungicides
for control of rots after harvest and during
Four

storage was investigated.

pints of fruit, selected at random from each treatment,

were

placed in storage and held at 35 degrees F. for varying periods of
time.

The fruit was then removed from storage, examined and the

rotted fruit counted.

The number of sound and rotten fruit was re

corded.
Quality studies made on the fruit included soluble solids, pH,
titratable acidity and total sugars.
Soluble solids were determined on juice extracts of the fruit
with a battery-operated hand refractometer.

A composite sample

juice from three fruit was used for each reading.

of

An attempt was

made

to select

fruit of the approximate same size and degree

ness

from each

treatment for this test.

of ripe

The pH and per cent titratable acidity were determined in the
following manner.

Twenty-five grams of fruit with 50 ml. of water

were ground in a micro blender until thoroughly disintegrated.

This

was then transferred quantitatively to a 250 ml. beaker with as small
amount of water as possible.

The pH was determined with a Beckman

pH meter and then the same sample was titrated to a pH of 7 on the
pH meter with approximately 0.1 N NaOH.
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Sugar determinations were obtained by Morell's (51) Method of
Rapid Determination of Reducing Sugars, an Extension of Forsee's Fhotocolorimetric Ferricyanide Method.

Saccharin Studies
The variety of strawberries, planting date, cultural treatments,
fertilizer applications and size of plots were the same in this experi
ment as they were in the fungicide studies.

The experimental area was

located adjacent to the plots used in the fungicide experiment.
A Latin Square design was used as the planting design for this
study.

Treatments, in addition to a check or control, consisted of

the use of various rates of saccharin sodium applied as foliage sprays
to the strawberry plants.

The rates of application used were 10, 20,

30 and 40 pounds of saccharin per acre.
treatment were used in this test.

Five replications of each

Later in the season additional

plants were sprayed with 2, 5 and 8 pounds of saccharin sodium per
acre.
A four-gallon, stainless steel, pressurized-tank sprayer was
used for applying the saccharin sprays.

The sprayer was calibrated

and the quantity of water needed to cover the desired number of plants
was determined.

The amount of saccharin sodium required to give the

desired concentration was then added to the water, mixed thoroughly,
and applied as a spray to the plants.
The treatment plots were divided in half.

One-half of the

plants were to receive one application of the spray, the other half
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was to receive two applications of spray.

Because of the rather severe

injury, to plants by the first spray application, it was decided that
two applications should not be used.

Therefore, all of the plants in

the individual plots received single applications, half of them being
sprayed April 6, I960, the remaining half was sprayed April 12, 1960.
Also, because of the rather severe injury to the plants sprayed
with the higher rates, plants on the guard rows were sprayed with 2, 5,
and 8 pounds of saccharin per acre.

These plots were given two appli

cations of saccharin spray at these lower rates in order to determine
if two applications at a reduced rate would be as effective as a
single application at a higher concentration.
cation to these plots was made April 20, 1960.
was made 13 days later, on May 3, 1960.

The first spray appli
The second application

Yield records could not be

obtained from these plots; however, fruit from the plants sprayed with
these rates could be subjected to the same tests as the fruit from
plants receiving the higher rates of saccharin.
The first harvest of fruit was made April 14, 1960.

On this

date one-half of the plants in each treatment plot had been sprayed
April 6, 1960, or eight days prior to harvest; the other half had
been sprayed April 12, 1960, or two days prior to harvest.

The fruit

of a single treatment plot was, therefore, divided into two lots by
spray date, and weighed and kept separate, the weights of each being
recorded in grams.

A total of eleven harvests were made, the last

one being made May 21, 1960.

Fruit from the plants receiving the
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2, 5 and 8 pound per acre rates were harvested and samples were taken
for laboratory studies.
Various tests were made of the fruit harvested from plants re
ceiving the different rates of saccharin sprays.

To study flavor

differences in the harvested fruit from plants sprayed with varying
levels of saccharin sodium, a number of taste panels were conducted.
Judges on these panels were asked to rate the fruit from 0-10 on the
basis of sweetness, the higher score being given the sweeter fruit.
A total of five taste panels were conducted during the season on the
fruit, at varying dates of spray application.
Other quality studies made on the fruit were:
pH, total sugars, firmness, and color differences.

soluble solids,
Soluble solids,

pH and total sugars were determined in the same way as described in
the fungicide studies.
Firmness was obtained by the use of a grease cone penetrometer
manufactured by the Precision Scientific Company.

Determinations

were made on 35 fruit, selected at random from each treatment, har
vested April 25, 1960.

Fruit from each spray date in each treatment

were selected and tested, therefore

giving firmness of fruit 13 and

19 days after spray application.
Color studies were made on the harvested 'fruit by taking aL
and bL readings of the fruit using the Gardner Color and Color Dif
ference Meter.

Color determinations were made on 35 fruit, selected

at random from each treatment, harvested April 25, 1960.

43
Systemic Insecticides
The soil of the experimental area was prepared for planting
strawberries by thorough disking well in advance of planting.

Ferti

lizer was applied at the rate of 800 pounds of 6-12-6 per acre approx
imately one month in advance of setting plants.
at time of fertilizer application.

The rows were prepared

Black plastic film, 1.5 mil poly

ethylene, was placed over the rows as a mulch on November 15, 1968,
approximately three weeks before planting.

On November 16, 1968,

the experimental plots were measured and marked off with stakes.

The

rows in the experimental area were forty inches wide and approximately
eighty feet long.

This allowed six ten-foot plots per row with two

and one-half foot alleyways between plots.
A randomized complete block design was selected as the planting
design to be used in this experiment.

The experimental area was di

vided into six equal-sized blocks, each containing eight ten-foot
plots.

The eight treatments were randomized in each block and color-

coded stakes were used to designate the different treatments.

Each

block was randomized separately and the color-coded stakes designa
ting the different treatments were placed on the plots.

Each treat

ment was repeated six times, or six replications of each treatment
were used in this experiment.

Guard rows, planted with the same var

iety of strawberries, were used on each side of the experimental
area.
The chemicals used in this experiment were:

Temik, 2-Me thy 1-

2(methylthio)propionaldehyde-0-(methylcarbamoyl)oxime as 10 per cent
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granules; phorate or "Thimet," 0,0-Diethyl S-(ethylthio)-methyl phosphorodithioate as 10 per cent granules; and Brom-0-Gas, Methyl Bromide
soil fumigant, one-pound cans containing 98 per cent methyl bromide
and 2 per cent chloropicrin.
Temik and phorate were applied at three rates - 1 pound, 2
pounds, and 3 pounds of active ingredient per acre.

One 1-pound can

of methyl bromide soil fumigant was released under the plastic in
each of the six plots treated with this chemical.

Methods of Chemical Application
The six plots treated with methyl bromide soil fumigant were
prepared and treated on November 16, 1968, in the following manner.
The plastic film was cut in the alleyway at each end of the plot and
lifted back.

Using a shovel, the row at each end of the plot was cut

down to the depth of the middle.

The plastic was then placed in this

trench and covered with soil so that the plot was isolated from the
remainder of the row.

The soil was then removed from the plastic for

a short distance on the side of the row so that an evaporation pan
and the applicator tube could be slipped under the film and placed on
the top of the row (Plate 1).

The soil was replaced over the edge

of the plastic and packed to prevent the escape of the gas (Plate 2).
Before the gas was released, the plastic cover was examined closely,
and any holes found were covered with plastic tape to prevent loss
of the gas.

The contents of a single one pound can of methyl bromide

soil fumigant was then released into the plot.

After a few minutes,

PLATE 1.

Methyl Bromide Applicator with
Evaporation pan. - 1969

PLATE 2.

Methyl Bromide Applicator with
Evaporation pan in place for
release of gas. — 1969.
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the tube of the applicator was carefully removed, leaving the evapoye
ating pan in place on the top of the row.

This procedure was repeated

for each plot treated with methyl bromide.
The amounts of 10 per cent granular Temik and phorate required
for application at the three desired rates were calpulated and found
to be as follows:
(a)

3.47 grams of the 10 per cent granular formulation
per ten-foot plot for application at the rate of
one pound of active ingredient per acre.

(b)

6.94 grams of the 10 per cent granular formulation
per ten-foot plot for application at the rate of
two pounds of active ingredient per acre.

(c)

10.41 grams of the 10 per cent granular formulation
per ten-foot plot for application at the rate of
three pounds of active ingredient per acre.

In order to insure a more even distribution of the chemical
over the entire ten-foot plot, it was decided to use 200 grams of
washed, oven-dried sand that had passed through a 1 mm sieve as an
extender for the chemicals.

Sand of this-particle size was very simi

lar to the granular chemicals used in the experiment and would, there
fore, mix well with them.

Two hundred grams of sand was placed in

pint-sized, plastic freezer bags, labeled with the name and amount
of chemical used.

The granular chemical to be applied to a single

plot was then weighed and added to the sand in the plastic bag.

The
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bags were then closed, and the chemical was mixed thoroughly with the
sand in the bag.

The chemical to be applied to each plot was prepared

in this manner in the laboratory.

This gave an approximate uniform

quantity of material to be applied to each plot, and an even distribu
tion of chemical over the entire plot could be more accurately obtained.
The various rates of Temik and phorate were applied to the field
plots November 22, 1968, or two weeks prior to planting.
were applied in the following manner:
ter of the alleyway between plots.

The chemicals

The plastic was cut in the cen

The soil was removed from the edge

of the plastic on one side of the row.

The plastic could then be

placed to one side of the row to allow the application of the chemicaj.
(Plate 3).

A furrow, approximately three inches deep was then opened

down the center of the row (Plate 3).

The chemical was again mixed

thoroughly with the sand in the plastic bag and then poured into a
plastic cup for distribution in the furrow.

By using this cup, the

material could be evenly applied to the bottom of the furrow (Plate 4).
The chemical was then covered with soil and the top of the row firmed
with the back of & vhoe.(Plate 5).

The plastic was placed back over

the row and the edge covered with soil.

This procedure was repeated

for each plot receiving Temik and phorate treatments.
The control plots received no chemical treatment and were,
therefore, left undisturbed.
The entire experimental area was planted December 5, 1968,
using plants of the Headliner variety.

The plants used in this experi

ment were obtained from the Hammond Fruit and Truck Experiment Station.

I

................ I

PLATE 3.

Row Prepared'for Appli
cation of granular
Chemicals. - 1969

PLATE 5.

I
PLATE 4.

'Granular Chemicals
Evenly Distributed in
Opened Row. - 1969

Chemicals covered with soil and
Row Firmed, ready for replace
ment of Plastic Film. - 1969
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All

plots were set by the same person, and an attempt was

plants of

uniform size in all plots.

The double row

madetouse

system ofplant

ing was used with plants spaced 10-12 inches apart in the row and the
two r<jtws of plants gpaced 8-10 inches apart.
on each ten-foot plot.

Twenty plants were set

The plants were staggered in the two rows so

as to give individual plants as much space as possible.
The six plots treated with methyl bromide were planted first.
The hand trowel used for planting was washed to remove all soil prior
to planting these plots.
the

After these six plots had been planted,

other plots were planted by the same individual.
On

January 14, 1969, the middles were sprayed

with

Tenoranfor

control of weeds.
The plants were observed regularly for foliage diseases and
insects.
spot.

Fungicides were applied to all plots for control of leaf

Insecticides were applied only to plots treated with methyl

bromide and to the control plots.

No insecticidal sprays were ap

plied during the entire season to plots treated with Temik and phorate.
The first harvest of fruit was made March 25, 1969.

The fruit

was weighed at each harvest and the weight of the fruit in grams re
corded for each plot.

Low temperatures, after the first harvest,

delayed further harvests until April 12, 1969.

Starting on this date,

the fruit was harvested twice each week throughout the season.

The

yield of fruit in grams was recorded for each plot on each harvest
date.

Rotted fruit from each plot was collected and weighed, start

ing with the harvest made April 15, 1969, and continuing throughout
the harvest season.
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Color slides were made during the harvest season to show plant
growth and differences in vigor of plants receiving the various treat
ments.

(Color Plates).
Samples of fruit of all treatments were taken for storage and

determination of soluble solids at intervals during the season.
Soluble solids were determined on juice extracts of the fruit
with a battery-operated hand refractometer.

Determination of soluble

solids was made on three dates during the harvest season.

On each of

these occasions, a pint of fruit was selected from each plot in the
experiment.

From each

approximately the same

pint of strawberries,

four fruit that were

size and degree of ripeness were selected.

The

fruit was washed and allowed to dry on absorbent paper towels before
the test was made.

A composite sample of the juice of two fruit was

used for each reading taken.

This reading was recorded, and a second

reading resulting from the use of a composite sample of juice from
the two remaining fruit was taken and also recorded.

These two read

ings were later averaged to obtain a mean which was recorded for that
treatment.

Since this procedure was repeated on fruit from each plot

in the experiment, six replications of each treatment were obtained.
Therefore, for each of the eight treatments in the experiment, a total
of 24 fruit were used in the determination of soluble solids on each
date that this determination was made.
All statistical analyses were made according to the procedures
described by LeClerg ^t al. (43) and Steel and Torrie (80).

RESULTS

Fungicide Studies
The total yield of marketable fruit (eleven harvest dates), of
the Headliner strawberry variety, for the 1960 season is given in
Table I.

The total yield of marketable fruit is shown for five 17.5

foot plots or 175 plants for each treatment.

In addition, the aver

age yield for the season of one 17.5 foot plot or 35 plants is presented.
None of the spray treatments resulted in a significant increase
in yield of fruit over the control.

Plants sprayed with 1/4 pound of

DHA-S per acre produced a significantly higher yield than plants
sprayed with 4 pounds of Hortesin per acre.

The yield obtained from

this treatment did not differ significantly from the control or the
other fungicide treatments, however.
The highest yields of fruit were obtained from plants sprayed
with 1/4 pound DHA-S per acre, 4 pounds of captan per acre and 2 pounds
of captan per acre.

Although the yields from these plots were greater

than the control, the differences were not significant at the .05
level.

DHA-S at the 1/16 pound per acre rate resulted in very nearly

the same yield as the control, the mean yield being only 5.2 grams
more than the control.
All four rates of Hortesin spray application, as well as 1/8
and 1/2 pound of DHA-S per acre resulted in yields less than the con
trol.

These treatments did not differ statistically at the .05 level

of significance.
51

52
TABLE I
THE EFFECT OF VARIOUS FUNGICIDE SPRAYS ON THE YIELD OF MARKETABLE
FRUIT OF THE HEADLINER VARIETY OF STRAWBERRIES - SPRING 1960
Total Yield
(Grams)^/

Treatments— ^

Average Yield
(Grams )— /

DHA-S

- 1/4 lb/acre

34314

4/
6862.8 a —

Captan

- 4 lbs/acre

33553

6710.6 ab

Captan

- 2 lbs/acre

33111

6622.2 ab

DHA-S

- 1/16 lb/acre

32536

6507.2 ab

Control

32510

6502.0 ab

Hortesin - 1 lb/acre

32452

6490.4 ab

Hortesin - 1/2 lb/acre

31460

6292.0 ab

Hortesin - 2 lbs/acre

31415

6283.0 ab

DHA-S

- 1/2 lb/acre

29573

5914.6 ab

DHA-S

- 1/8 lb/acre

29189

5837.8 ab

27695

5539.0

Hortesin - 4 lbs/acre

1/ DHA-S:

b

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.

Captan: (Orthocide) N-trichloromethylthio-4-cyclohexene-l,2-dicarboximide.
Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

2/ Total yield, in grams, of marketable fruit of five 17.5 foot plots
(175 plants)
3/ Average total yield, in grams, of one 17.5 foot plot (35 plants)
4/ Means not having a letter in common are statistically different
at the .05 level of significance.
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Table II shows the effectiveness of various fungicides in con
trolling fruit rots.

The values for each date represents the amount

of rotted fruit obtained from five 17.5 foot plots or 175 plants.
Total rots for the seven harvest dates are recorded in grams.

The

weight, in grams, of rotted fruit of a single 17.5 foot plot (35 plants)
as an average of seven harvest dates is also shown in Table II.
When comparing the mean weight of rotted fruit of a single plot
as an average of seven harvest dates, the means of the various treat
ments are not statistically different at the .05 level of significance.
It is to be noted, however, that considerable differences did occur
between treatments on certain harvest dates.
Since the interaction between dates and treatments was found to
be significant, comparisons of treatments on individual harvest dates
were made and the results of these comparisons are given in Tables III,
IV, V, VI, VII, VIII and IX.
Plants sprayed with captan at the rate of 4 pounds of active
material per acre had less rotted fruit than all other treatments on
five of seven harvest dates.

On four dates, April 26, April 28, May 2,

and May 6, 1960, the average amount of rotted fruit from plants sprayed
with 4 pounds of captan per acre was statistically different, at the
.05 level, from the control.

Plants sprayed with captan at the rate

of 2 pounds of active material per acre had significantly less rotted
fruit than the control on three harvest dates, April 26, May 2, 1960,
and May 6, 1960.

On two dates, April 26, and May 2, 1960, plants

TABLE II
THE INFLUENCE OF VARIOUS FUNGICIDE SPRAYS ON FRUIT ROTS OF HEADLINER STRAWBERRIES
ON SEVEN HARVEST DATES - SPRING 1960
Total weight, in grams, rotted fruit - 1960 Season
4/26

Treatments— ^

4/28

5/2

5/6

5/10

5/13,

5/18

Total 2/
All Dates

Mean^/

Control

499^/

289

1247

334

87

59

115

2630

75.1 a 5/

Hortesin - 1 lb/acre

495

274

1119

362

165

11

177

2603

74.4 a

- 1/16 lb/acre 503

192

946

348

153

85

99

2326

66.5 a

DHA-S

Hortesin - 1/2 lb/acre

330

219

992

372

260

42

107

2322

66.3 a

Hortesin - 2 lbs/acre

464

197

864

468

200

71

30

2294

65.5 a

DHA-S

- 1 / 8 lb/acre

327

200

937

320

157

118

227

2286

64.7 a

DHA-S

- 1/4 lb/acre

350

181

940

257

242

90

171

2231

63.7 a

.415

205

780

229

83

31

94

1837

52.5 a

Hortesin - 4 lbs/acre
DHA-S

- 1/2 Ib/acre

246

71

641

282

116

27

163

1546

44.2 a

Captan

- 2 lbs/acre

257

116

231

94

120

23

31

872

24.9 a

Captan

- 4 lbs/acre

222

40

152

37

39

59

82

631

18.0 a

1/ DHA-S : Dehydroacetic acid, sodium salt (Harven) 3-Acetyl- 6-me thy1-2,4-pyrand ione.
Captan:

(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2-dicarboximide.

Hortesin:
2/ Total

Experimental, systemic fungicide - Dow Chemical Company.

weight, in

grams, of rotted fruit of five 17.5foot plots (175plants), all dates.

3/ The average weight of fruit rots by plot, average of 7 dates.
4/ Total

weight, ingrams, of rotted fruit of five 17.5

foot plots (175 plants), each date.

5/ Means not having a letter in common are statistically different at the .05 level of
significance.
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TABLE III
A COMPARISON OF DIFFERENT FUNGICIDE SPRAYS ON A SINGLE HARVEST
DATE FOR CONTROL OF FRUIT ROTS OF HEADLINER
STRAWBERRIES - SPRING 1960
Average weight of
rotted fruit, Grams
4/26/601/

Treatments U
DHA-S

1/16 lb/acre

-

Control

100.6 a 3/
99.8 a

Hortesin -

1 lb/acre

99.0 a

Hortesin -

2 lbs/acre

92.8 ab

Hortesin -

4 lbs/acre

83.0 abc

-

1/4 lb/acre

70.0 abc

Hortesin -

1/2 lb/acre

66.0 abc

DHA-S

-

1/8 lb/acre

65.4 abc

Cap tan

-

2 lbs/acre

51.4

be

DHA-S

-

1/2 lb/acre

49.2

be

Captan

-

4 lbs/acre

44.4

c

DHA-S

_1/ DHA-S:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2 ,4-pyrandione.

Captan:
Hortesin:

(Orthocide)
boximide.

N-trichloromethylthio-4-cyclohexene-l,2-dicar-

Experimental, systemic fungicide - Dow Chemical Company.

2/ Average weight of rotted fruit per 17.5 foot plot (35 plants) single harvest date.
3/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE IV ’
A COMPARISON OF DIFFERENT FUNGICIDE SPRAYS ON A SINGLE HARVEST
DATE FOR CONTROL OF FRUIT ROTS OF HEADLINER STRAWBERRIES
SPRING 1960
Average weight of
rotted fruit, Grams
4/28/60 y

Treatments
Control
Hortesin

57.8 a 3/
-

1 lb/acre

54.8 ab

Hortesin - 1/2 lb/acre

43.8 ab

Hortesin - 4 lbs/acre

41.0 ab

DHA-S

- 1/8 lb/acre

Hortesin - 2 lbs/acre
1/16 lb/acre

40.0 ab
39.4 ab
38.4 ab

DHA-S

-

DHA-S

- 1/4 lb/acre

36.2 ab

Captan

- 2 lbs/acre

23.2 ab

DHA-S

-

Captan

-

1/ DHA-S:
Captan:

1/2 lb/acre
4 lbs/acre

14.2 ab
8.0

b

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.
(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

2/ Average weight of rotted fruit per 17.5 foot plot (35 plants) single harvest date.
3/ Means not having a letter in common are statistically different
at the .05 level of significance.

57
TABLE V
A COMPARISON OF DIFFERENT FUNGICIDE SPRAYS ON A SINGLE HARVEST
DATE FOR CONTROL OF FRUIT ROTS OF HEADLINER STRAWBERRIES
SPRING 1960
Average weight of
rotted fruit, Grams
5/2/60 2/

Treatments—
Control

249.4 a 3/

Hortesin - 1 lb/acre

223.8 ab

Hortesin - 1/2 lb/acre

198.4

be

DHA-S

- 1/16 lb/acre

189.2

be

DHA-S

- 1/4 lb/acre

188.0

be

DHA-S

- 1/8 lb/acre

187.4

be

Hortesin - 2 lbs/acre

172.8

c

Hortesin - 4 lbs/acre

156.0

cd

128.2

d

DHA-S

- 1/2 lb/acre

Captan

- 2 lbs/acre

46.2

e

Captan

- 4 lbs/acre

30.4

e

JL/ DHA-S:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.

Captan:
Hortesin:

(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2-dicarboximide.
Experimental, systemic fungicide - Dow Chemical Company.

2/ Average weight of rotted fruit per 17.5 foot plot (35 plants) single harvest date.
3/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE VI
A COMPARISON OF DIFFERENT FUNGICIDE SPRAYS ON A SINGLE HARVEST
DATE FOR CONTROL OF FRUIT ROTS OF HEADLINER STRAWBERRIES
SPRING 1960
Average weight of
.
rotted fruit. Grams
_____
Treatments— __________________________________________ 5/6/60
Hortesin - 2 lbs/acre

93.6 a

Hortesin - 1/2 lb/acre

74.4 a

Hortesin - 1 lb/acre

72.4 a

DHA-S

1/16 lb/acre

Control

3/

69.6 a
66.8 a

DHA-S

1/8 lb/acre

64.0 ab

DHA-S

1/2 lb/acre

56.4 ab

DHA-S

1/4 lb/acre

51.4 abc

Hortesin - 4 lbs/acre

45.8 abc

Captan

2 lbs/acre

18.8

be

Captan

4 lbs/acre

7.4

c

1/ DHA-S:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrand ione.

Captan:

(Orthocide)
carboximide.

Hortesin:

N-trichloromethylthio-4-cyclohexene-l,2-di-

Experimental, systemic fungicide - Dow Chemical Company.

2/ Average weight of rotted fruit per 17.5 foot plot (35 plants) single harvest date.
3/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE VII
A COMPARISON OF DIFFERENT FUNGICIDE SPRAYS ON A SINGLE HARVEST
DATE FOR CONTROL OF FRUIT ROTS OF HEADLINER STRAWBERRIES
SPRING 1960
Average weight of
rotted fruit, Grams
5/10/60±J

Treatments— ^
Hortesin - 1/2 lb/acre — !

52.0 a

DHA-S

48.4 a

- 1/4 lb/acre

Hortesin - 2 lbs/acre

40.0 a

Hortesin - 1 lb/acre

33.0 a

DHA-S

- 1/8 lb/acre

31.4 a

DHA-S

- 1/16 lb/acre

30.6 a

Captan

- 2 lbs/acre

24.0 a

DHA-S

- 1/2

23.2 a

lb/acre

Control

17.4 a

Hortesin - 4 lbs/acre

16.6 a

Captan

- 4 lbs/acre

_1/ DHA-S:
Captan:

4/

7.8 a

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.
(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2-dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

7j Average weight of rotted fruit per 17.5 foot plot (35 plants) single harvest date.
3/ Pounds of active ingredient per acre.
4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE VIII
A COMPARISON OF DIFFERENT FUNGICIDE SPRAYS ON A SINGLE HARVEST
DATE FOR CONTROL OF FRUIT ROTS OF HEADLINER STRAWBERRIES
SPRING 1960
Average weight of
rotted fruit, Grams
5/13/60 2J

■
Treatments i/
DHA-S

- 1/8 lb/acre 3/

23.6 a

DHA-S

- 1/4

lb/acre

18.0 a

DHA-S

- 1/16 lb/acre

17.0 a

Hortesin

- 2 lbs/acre

14.2 a

Control

11.8 a

Captan

- 4 lbs/acre

Hortesin

- 1/2 lb/acre

8.4 a

Hortesin

- 4 lbs/acre

6.2 a

DHA-S

- 1/2 lb/acre

5.4 a

Captan

- 2 lbs/acre

4.6 a

Hortesin

- 1 lb/acre

2.2 a

1/ DHA-S:
Captan:

4/

11.8 a

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-■methyl2,4-pyrandione.
(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2-dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

2/ Average weight of rotted fruit per 17.5 foot plot
single harvest date.

(35 plants) -

3/ Pounds of active ingredient per acre.
4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE IX
A COMPARISON OF DIFFERENT FUNGICIDE SPRAYS ON A SINGLE HARVEST
DATE FOR CONTROL OF FRUIT ROTS OF HEADLINER STRAWBERRIES
SPRING 1960
Average weight of
rotted fruit, Grams
5/18/60 2/

Treatments 1/
DHA-S

1/8 lb/acre 3/

45.4 a

Hortesin - 1 lb/acre

35.4 a

DHA-S

1/4 lb/acre

34.2 a

DHA-S

1/2 lb/acre

32.6 a

Control

23.0 a

Hortesin - 1/2 lb/acre

21.4 a

DHA-S

1/16 lb/acre

19.8 a

Hortesin - 4 lbs/acre

18.8 a

Captan

4 lbs/acre

16.4 a

Captan

2 lbs/acre

6.2 a

Hortesin - 2 lbs/acre

6.0 a

1/ DHA-S:
Cap tan:

4/

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.
(Orthocide) N-trichloromethylthio-4-cyclohexene- 1,2-dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

2/ Average weight of rotted fruit per 17.5 foot plot (35 plants) single harvest date.
3/ Pounds of active ingredient per acre.
4-/ Means not having a letter in common are statistically different at
the .05 level of significance.
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sprayed with DHA-S at 1/2 pound of active material per acre had signi
ficantly less rotted fruit than the control.

These three spray treat

ments gave the best control of fruit rots.
It is noteworthy that on those dates of low rot incidence no
significant difference between spray treatments and control was ob
tained.

However, on the date of highest rot incidence, May 2, 1960,

all spray treatments, with the exception of Hortesin at the rate of
1 pound of active material per acre, had significantly less rotted
fruit

than the control.

Hortesin afforded the poorest control of

fruit

rots of the three materials used in the experiment.
The dates on which the highest amounts of rotted fruit were

obtained were April 26, April 28, May 2, and May 6, 1960.

On these

dates, significant differences between one or more spray treatments
and the control were obtained.
On May 10, May 13, and May 18, 1960, the lowest amounts of
rotted fruit were recorded.

No real differences between spray treat

ments and control were obtained on these dates.
A comparison of the average weight of rotted fruit on seven
harvest dates for eleven treatments is presented in Tables X through
XX.

The mean weight of rotted fruit for a single 17.5 foot plot or

35 plantsis given for seven harvest dates in each treatment.
The highest mean weight of rotted fruit was recorded on May
2, 1960, for nine of the eleven treatments.

Plants sprayed with

captan at 2 and 4 pounds of active material per acre had a greater

63

TABLE X
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960

Harvest
Dates

DHA-S — / - 1/2 lb/acre — ^
Average weight of rotted
fruit, Grams.2/
128.2 a

5/2

4/

5/6

56.4

b

4/26

49.2

be

5/18

32.6

be

5/10

23.2

be

4/28

14.2

be

5/13

5.4

c

1/ DHA-S:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrand ione.

7J Pounds of active ingredient per acre
3^/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE XI
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960

Harvest
Dates

DHA-S U
- 1/4 lb/acre 2J
Average weight of rotted
fruit, Grams

5/2

188.0 a

4/

4/26

70.0

b

5/6

51.4

be

5/10

48.4

be

4/28

36.2

be

5/18

34.2

be

5/13

18.0

c

1/ DHA-S:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2, 4-*pyrandione.

2j Pounds of active ingredient per acre.
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants ) each harvest date.
■
4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XII
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING I960

DHA-S
- 1/8 lb/acre U
Harvest
Average weight of rotted
Dates__________________________________________ fruit, Grams 3/_____
5/2

187.4 a
65.4

b

5/6

64.0

b

5/18

45.4

b

4/28

40.0

b

5/10

31.4

b

5/13

23.6

b

4/26

DHA-S:

^

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrand ione.

2/ Pounds of active ingredient per acre.
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different at
the .05 level of significance.

I
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TABLE XIII
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960

ZJ

Harvest
Dates

DHA-S — ! - 1/16 lb/acre
Average weight of rotted
fruit, Grains^/

5/2

189,2 a

4/26

100.6

4/

b

5/6

69.6

4/28

38.4

cd

5/10

30.6

cd

5/18

19.8

d

5/13

17.0

d

1/ DHA-S.

be

Dehydroacetic aci£, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.

2/ Pounds of active ingredient per acre.
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE XIV
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING I960

Harvest
Dates

Captan U - 2 lbs/acre ZJ
Average weight of rotted
fruit, Grams ZJ

4/26

51.4 a

5/2

46.2 ab

5/10

24.0 ab

4/28

23.2 ab

5/6

18.8 ab

5/18

6.2 ab

5/13

4.6

JL/ Captan:

4/

b

(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2-dicarboximide.

2/ Pounds of active ingredient per acre,
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different
at the .05 level of significance.

I
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TABLE XV
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960

Captan
- 4 lbs/acre 2/
Average weight of rotted
fruit, Grams ^J

Harvest
Dates
4/26

44.4 a

5/2

30.4 a

5/18

16.4 a

5/13

11.8 a

4/28

8.0 a

5/10

7.8 a

5/6

7.4 a

1/ Captan:

_4/

(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2-dicarboximide.

7j Pounds of active ingredient per acre.
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE XVI
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960

Hortesin
Harvest
Dates

.i/ - 4

lbs/acre

Average weight of rotted
fruit, Grams 3,/

5/2

156.0 a

4/

4/26

83.0

b

5/6

45.8

be

4/28

41.0

be

5/18

18.8

c

5/10

16.6

c

5/13

6.2

c

1/ Hortesin:

2J

Experimental, systemic fungicide - Dow Chemical Company.

2j Pounds of active ingredient per acre.
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE XVII
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960
Hortesin 1 . 1 - 2 lbs/acre U
Average weight of rotted
fruit, Grams U

Harvest
Dates

172.8 a

5/2

4/

5/6

93.6

b

4/26

92.8

b

5/10

40.0

c

4/28

39.4

c

5/13

14.2

c

5/18

6.0

c

1/ Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

2/ Pounds of active ingredient per acre.
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XVIII
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960
Hortesin U - 1 lb/acre U
Harvest
Average weight of rotted
_____
Dates___________________________________________ fruit, Grams
223.8 a

5/2

4/

4/26

99.0

b

5/6

72.4

be

4/28

54.8

c

5/18

35.4

cd

5/10

33.0

cd

5/13

2.2

d

1/ Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

2/ Pounds of active ingredient per acre.
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XIX
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960

Harvest
Dates

Hortesin 1/ - 1/2 lb/acre 2J
Average weight of rotted
fruit, Grams
198.4 a

5/2

4/

5/6

74.4

b

4/26

66.0

b

.5/10

52.0

be

4/28

43.8

b<?

5/18

21.4

c

5/13

8.4

c

1/ Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

2/ Pounds of active ingredient per acre.
3/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XX
THE COMPARATIVE QUANTITY OF FRUIT ROTS ON SEVEN HARVEST DATES
WITHIN A SINGLE TREATMENT - SPRING 1960

Harvest
Dates
5/2

Control
Average weight of rotted
fruit, Grams 1/
249.4 a

2/

4/26

99.8

b

5/6

66.8

b

4/28

57.8

be

5/18

23.0

cd

5/10

17.4

cd

5/13

11.8

d

JL/ Average weight of rotted fruit per 17.5 foot plot (35 plants) each harvest date.
2/ Means not having a letter in common are statistically different
at the .05 level of significance

I
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quantity of rotted fruit on April 26, 1960.

In all treatments except

the two captan rates the mean weight of rotted fruit recorded on May
2, 1960 was statistically different at the .05 level of significance
from all other dates.
No real difference in the mean weights of rotted fruit occurred
between the seven harvest dates in the 4 pound per acre captan treat
ment.

This is an indication that this chemical is effective in the

control of fruit rots.

Captan at 2 pounds per acre had significantly

more rotted fruit on April 26, 1960 than on May 13, 1960.

These were

the only dates that showed a real difference in the amount of rotted
fruit in this treatment, however.
In nine of eleven treatments May 13, 1960 was the date having
the lowest amount of rotted fruit.

Plants sprayed with captan at 4

pounds of active material per acre had the least amount of rotted
fruit on May 6, 1960.

Hortesin at the rate of 2 pounds of active

material per acre had the lowest amount of rotted fruit on May 18,
1960.
Table XXI shows the dates and amount of rainfall occurring
during the months of March, April and May, 1960.

Measurable quanti

ties of precipitation were recorded on seventeen days during this
three month period.

On eleven of these seventeen dates less than

one-half inch of rainfall was recorded.

More than one inch

of

rain was recorded on three dates, April 4, May 2, and May 5, 1960.
It is worthy of note that the dates of highest fruit rot in
cidence, April 26, April 28, May 2 and May 6, 1960, correspond with
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TABLE XXI
THE DATES AND AMOUNT OF RAINFALL OCCURRING FOR A THREE MONTH
PERIOD DURING THE 1960 STRAWBERRY SEASON - LSU CAMPUS
BATON ROUGE, LA.
Date
1960

Rainfall
Cinches)

3/3

0.19

3/4

0.26

377

0.04

3/16

0.20

3/28

0.90

3/29

0.46

4/4

1.56

4/18

0.90

4/26

0.87

5/2

1.92

5/5

1.04

5/7

0.29

5/10

0.07

5/18

0.27

5/21

0.11

5/26

0.34

6/7

0.29.
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the period of heaviest rainfall.

For the I960 strawberry season as a

whole the amount of rainfall received was relatively low.

This may in

part account for the rather small amount of fruit rots recorded for
the season.
The effect of fungicide sprays applied to strawberry plants in
the field on post-harvest fruit rots of Headliner strawberries stored
at 35 degrees F. for varying periods of time is shown in Tables XXII,
XXIII and XXIV.
Table XXII shows the average number of rotted fruit per pint
after five days storage at 35 degrees F. for each of the eleven field
treatments.

No fruit from field plots sprayed with either 2 or 4

pounds of captan per acre rotted during the five day storage period.
These treatments were statistically different at the .05 level of sig
nificance from the control.

All four rates of Hortesin as well as the

1/2 pound DHA-S per acre treatment had less rotted fruit than the con
trol although the difference was not significant at the .05 level.
Fruit selected from field plots sprayed with 1/16, 1/8 and 1/4 pound
of DHA-S per acre rotted in greater numbers than the control; how
ever, these treatments did not differ significantly.
Captan at 2 and 4 pounds of active material per acre applied
to strawberry plants in the field afforded control of post-harvest
fruit rots for five days when fruit was stored at 35 degrees F.
N

Table X31III shows the average number of rotted fruit per pint
after eight days storage at 35 degrees F. for each of the eleven field
treatments.
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TABLE XXII
THE EFFECT OF FUNGICIDE SPRAYS APPLIED TO STRAWBERRY PLANTS IN THE
FIELD ON POST-HARVEST FRUIT ROTS OF HEADLINER STRAWBERRIES
STORED FIVE DAYS AT 35°F.
- SPRING 1960
Average number of rotted
fruit, per pint_____
Stored five days
at 35°F. ^

Treatments — '
DHA-S

- 1/16 lb/acre

5.50 a

DHA-S

- 1/8 lb/acre

3.75 ab

DHA-S

- 1/4 lb/acre

3.75 ab

Control

4/

3.25 ab

Hortesin

- 4 lbs/acre

2.75 abc

Hortesin

- 2 lbs/acre

2.50 abc

Hortesin

- 1 lb/acre

2.25

bfc

DHA-S

- 1/2 lb/acre

2.00

be

Hortesin

- 1/2 lb/acre

1.75

be

Captan

- 2 lbs/acre

0.0

c

Captan

- 4 lbs/acre

0.0

c

1/ Four pints of fruit, selected at random, from each treatment stored at 35 degrees F. Fruit harvested 4/28/60, rotted fruit
counted 5/3/60.
2/ DHA-S:
Captan:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6me thy1-2,4-pyrand ione.
(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

3/ Dat^ coded from analysis (1 added to each value).
completed 1 subtracted from each value..

After analysis

4/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE XXIII
THE EFFECT OF FUNGICIDE SPRAYS APPLIED TO STRAWBERRY PLANTS IN THE
FIELD ON POST-HARVEST FRUIT ROTS OF HEADLINER STRAWBERRIES
STORED EIGHT DAYS AT 35°F. I f - SPRING 1960
Average number of rotted
fruit, per pint
Stored eight days
at 35°F. 1/

Treatments 2/
DHA-S

-

1/8 lb/acre

6.00 a

DHA-S

-

1/4 lb/acre

5.75 a

Hortesin - 4 lbs/acre
Hortesin

-

2 lbs/acre

5.00 a
3.75 ab

Hortesin - 1/2 lb/acre

3.75 ab

Control

3.75 ab

DHA-S

- 1/2 lb/acre

4/

2.75 ab

Hortesin - 1 lb/acre

2.50 ab

DHA-S

- 1/16 lb/acre

2.00 ab

Captan

- 2 lbs/acre

0.0

b

Captan

- 4 lbs/acre

0.0

b

JL/ Four pints of fruit, selected at random from each treatment stored at 35 degrees F. Fruit harvested 5/2/60, rotted fruit
counted 5/10/60.
2/ DHA-S:
Captan:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.
(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

3/ Data coded for analysis (1 added to each value).
completed 1 subtracted"from each value;-

After analysis

4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XXIV
THE EFFECT OF FUNGICIDE SPRAYS APPLIED TO STRAWBERRY PLANTS IN THE
FIELD ON POST-HARVEST FRUIT ROTS OF HEADLINER STRAWBERRIES
STORED SEVEN DAYS AT 35°F. I' - SPRING 1960

Treatments

Average number of rotted
fruit, per pint
Stored seven days
at 35°F. 2/

2/

Hortesin - 1/2 lb/acre

6.75 a

Hortesin - 1 lb/acre

6.75 a

DHA-S

- 1/4 lb/acre

4/

6.25 ab

Control

6.00 ab

Hortesin - 4 lbs/acre

5.25 ab

DHA-S

- 1/2 lb/acre

Hortesin - 2| lbs/acre

5.00 ab
3.75 abc

DHA-S

- 1 / 1 6 lb/acre

3.50 abc

DHA-S

- 1/8 lb/acre

2.75

be

Captan

- 2 lbs/acre

1.25

c

Cap tan

- 4 lbs/acre

0.50

c

1/ Four pints of fruit, selected at random from each treatment stored at 35 degrees F. Fruit harvested 5/6/60, rotted fruit
counted 5/13/60.
2/ DHA-S:
Captan:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.
(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

3/ Data coded from analysis (1 added to each value).
completed 1 subtracted from each value.

After analysis

4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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Strawberries from plants sprayed with 2 or 4 pounds of captan
per acre after eight days storage at 35 degrees F. were completely
free of fruit rots.

DHA-S at 1/8 pound and 1/4 pound per acre and

Hortesin at 4 pounds per acre had the highest number of rotted fruit.
These treatments had significantly more rotted fruit than either of
the two captan rates; however, they did not differ at the .05 level of
significance from the control.

No real differences between the vari

ous spray treatments and the control occurred in this test.
The effectiveness of various field treatments on the control
of fruit rots of strawberries stored seven days at 35 degrees F. is
shown in Table XXIV.
After seven days storage at 35 degrees F., fruit harvested from
plants sprayed with either 2 or 4 pounds of captan per acre had fewer
rots than samples of fruit from the other treatments.

The lowest num

ber of rotted fruit occurred in the samples from the two captan treat
ments.

These treatments had significantly less rotted fruit than the

control.

Hortesin at 2 and 4 pounds per acre, DHA-S at 1/16, 1/8 and

1/2 pound per acre had fewer rotted fruit than the control; however,
the differences were not significant.

Samples of fruit from plants

sprayed with 1/2 and 1 pound of Hortesin per acre and 1/4 pound of
DHA-S per acre had a larger number of rotted berries than the control.
These treatments did not differ statistically at the .05 level of sig
nificance.
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The effect of pre-harvest fungicide sprays on the soluble solids
content of Headliner strawberries on three dates is shown in Table XXV.
The average soluble solids content of fruit of the various treatments
is given for the three dates.
Fruit harvested from plants sprayed with 4 pounds of captan per
acre or 1/2 pound DHA-S per acre had the highest average amount of sol
uble solids of the various treatments.

Fruit from these treatments

had a mean soluble solids content of 8.03.

Fruit of all treatments

except the 1/4 pound per acre rate of DHA-S had a higher average sol
uble solids reading than the control.

Fruit from plants sprayed with

1/4 pound of DHA-S per acre had a mean soluble solids reading of 7.33,
while fruit from the control plants had an average soluble solids con
tent of 7.60.
It is noteworthy that the percentage soluble solids of the vari
ous treatments varied considerably between test dates.

Most treatments

had lower soluble solids on April 22, 1960 than they had on April 14,
or April 18, 1960.
Table XXVI shows the effect of various fungicide sprays on the
pH, titratable acidity and per cent sugars of the Headliner variety of
strawberries.
22, 1960.

The pH was determined on two dates, April 18, and April

The titratable acidity was determined on the fruit harvested

April 18, 1960. The per cent sugars was run on fruit picked May 2, 1960.
On April 18, 1960, fruit selected from plants sprayed with the
four rates of DHA-S and the two rates of captan had the highest pH.
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TABLE XXV
THE EFFECT OF PRE-HARVEST FUNGICIDE SPRAYS ON THE PERCENTAGE SOLUBLE
SOLIDS OF HEADLINER STRAWBERRY FRUIT - SPRING 1960

Treatments I.1

4/14/60

Percentage Soluble Solids
Average
4/18/60
4/22/60
Three Dates

Captan

4 lbs/acre^

9.0 y

8.1

7.0

8.03

DHA-S

1/2 lb/acre

8.5

8.2

7.4

8.03

DHA-S

1/8 lb/acre

8.4

8.4

7.2

8.00

DHA-S

1/16 lb/acre

8.4

7.8

7.6

7.93

Hortesin - 4 lbs/acre

7.8

8.6

7.4

7.93

Hortesin - 1 lb/acre

8.2

7.8

7.8

7.93

Captan

9.0

7.8

6.8

7.87

Hortesin - 1/2 lb/acre

8.8

8.2

6.6

7.87

Hortesin - 2 lbs/acre

8.2

8.0

7.2

7.80

Control

8.0

00
•
r^.

7.0

7.60

7.4

7.6

7.0

7.33

2 lbs/acre

DHA-S

1/4 lb/acre

1/ DHA-S:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrand ion e .

Captan;

(Orthocide)
N-trichloromethylthio-4-cyclohexene-l,2dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

2/ Pounds of active ingredient per acre.
Zj Each reading made from a composite of juice of three fruit.
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TABLE XXVI
THE EFFECT OF VARIOUS FUNGICIDE SPRAYS ON THE pH, TITRATABLE ACIDITY,
AND PER CENT SUGARS OF HEADLINER STRAWBERRIES - SPRING 1960

PH
4/18/60

Treatments 1/

pH
4/22/60

Percent
Titratable^.'
Acidity 4/18

Percent
Sugars

DHA-S

- 1/2 lb/acre^/

4.15

3.40

.72

7.58

DHA-S

- 1/4 lb/acre

4.10

3.34

.70

8.44

DHA-S

- 1/8 lb/acre

3.95

3.39

.71

9.05

DHA-S

- 1/16 lb/acre

3.80

3.45

.76

8.64

Captan

- 2 lbs/acre

4.05

3.29

.68

8.64

Captan

- 4 lbs/acre

3.85

3.43

.75

8.90

Hortesin - 4 lbs/acre

2.00

3.43

.71

9.05

Hortesin - 2 lbs/acre

2.20

3.27

.64

9.05

Hortesin - 1 lb/acre

2.10

3.38

.71

9.21

Hortesin - 1/2 lb/acre

2.05

3.46

.65

9.00

Control

2.00

3.41

.71

9.56

1/ DHA-S:
Captan:

Dehydroacetic acid, sodium salt (Harven) 3-Acetyl-6-methyl2,4-pyrandione.
(Orthocide) N-trichloromethylthio-4-cyclohexene-l,2dicarboximide.

Hortesin:

Experimental, systemic fungicide - Dow Chemical Company.

.1
2/ Percent titratable acidity =

(ml. NaOH) (. N ) (0.064) (100)
25

3/ Pounds of active ingredient per acre.

84
Fruit from the control had the lowest pH value on this date.

Fruit

from plants sprayed with the four rates of Hortesin had about the same
pH as the control, being more acid than fruit selected from the DHA-S
and captan treatments.
On April 22, 1960 no appreciable differences were obtained in
the pH of fruit from the various treatments and the control.
Differences in titratable acidity of fruit from the various spray
treatments and the control were negligible.
The highest percentage of sugars was found in fruit of the con
trol, (9.56) the lowest, (7.58) in fruit from plants sprayed with 1/2
pound DHA-S per acre.

The percentage of sugars of fruit from the other

spray treatments varied between these two values, being nearer the
higher value.

Saccharin Studies
The effect of various rates of saccharin sodium applied as fol
iage sprays to Headliner strawberry plants on yield of marketable fruit
is presented in Table XXVII.

The total yield (eleven harvests) of five

17.5 foot plots or 175 plants is given.

In addition, the mean total

yield of one 17.5 foot plot or 35 plants is shown.
The control plants produced the highest yield of any of the
treatments.

The yield of the control plants was not statistically dif

ferent at the .05 level of significance from plants sprayed with 10 or
20 pounds of saccharin sodium per acre.

The control plants did, how

ever, produce a significantly higher yield than plants sprayed with
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TABLE XXVII
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO STRAWBERRY PLANTS ON YIELD OF MARKETABLE FRUIT
SPRING 1960
Total Yield U
(Grams)

Treatments — ^

Average Yield — ^
(Grams)

Control

28257

5651.4 a

Saccharin - 10 lbs/acre — f

26559

5311.8 ab

Saccharin - 20 lbs/acre

26336

5267.2 ab

Saccharin - 30 lbs/acre

23325

4665.0

Saccharin - 40 lbs/acre

18334

3666.8

JL/ Saccharin:

5/

b
c

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

2/ Total yield of marketable fruit of five 17.5 foot plots (175 plants).
3/ Average, total yield of one 17.5 foot plot (35 plants).
4/ Pounds of material applied per acre.
5/ Means not having a letter in common are statistically different at
the .05 level of significance.
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saccharin at the rate of 30 or 40 pounds per acre.

Plants sprayed with

saccharin at the rate of 40 pounds per acre produced the lowest yield
of any of the treatments and was statistically different at the .05
level of significance from all other treatments.
The effect of foliar sprays of saccharin sodium at the rates of
10, 20, 30 and 40 pounds per acre on Headliner strawberry plants is
shown in Plates 6, 7, 8 and 9.
Little or no visual effect tan be noted in plants sprayed with
10 pounds of saccharin per acre (Plate 6).

Rather severe leaf injury

occurred on plants sprayed with 40 pounds of saccharin per acre (Plate
9).

Many flowers were also killed by this spray concentration.

In

jury to foliage and flowers was progressively less severe as the spray
concentration was reduced.

The 30 pound per acre rate (Plate 8) caused

less foliage damage than the 40 pound per acre rate but more injury
than the 20 pound per acre rate.

The 20 pound rate caused slight mar

ginal scorching on some leaves and damaged some flowers contacted
directly by the spray (Plate 7).
The injury to plants caused by the various rates of saccharin
application is reflected in the yield data presented in Table XXVII.
As previously noted, yields increased as the rate of saccharin spray
application decreased.
Tables XXVIII through XL show the effects of various rates and
dates of application of saccharin sodium applied as foliage sprays to
Headliner strawberry plants on sweetness of fruit as measured by taste.

1

Plate 6.

The Effect of Saccharin Sodium,
Applied as a Foliage Spray at the
Rate of 10 Pounds per Acre, on
Headliner Strawberry Plants - 1960

Plate 7.

The Effect of Saccharin Sodium,
Applied as a Foliage Spray at the
Rate of 20 Pounds per Acre, on
Headliner Strawberry Plants - 1960

Plate 8.

The Effect of Saccharin Sodium,
Applied as a Foliage Spray at the
Rate of 30 Pounds per Acre, on
Headliner Strawberry Plants - 1960.

Plate 9.

The Effect of Saccharin Sodium,
Applied as a Foliage Spray at the
Rate of 40 Pounds per Acre, on
Headliner Strawberry Plants - 1960.
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TABLE XXVIII
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO HEADLINER STRAWBERRY PLANTS ON SWEETNESS OF FRUIT
AS MEASURED BY TASTE - SPRING 1960 1/

3/

Treatments
Saccharin - 30 lbs/acre

8.83 a

Saccharin - 40 lbs/acre

8.50 ab

Saccharin - 20 lbs/acre

8.00 ab

Saccharin - 10 lbs/acre

7.67

Control

5.00

4/

b
c

1/ Plants sprayed 4/12/60, tests conducted 4/14/60 or 2 days after
spray application.
2/ Saccharin:

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

_3/ Average score given fruit by panel of 6 judges.
for sweetness.

Fruit rated 0-10

4/ Means not having a letter in common are statistically different at
the .05 level of significance.

90
TABLE XXIX
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO HEADLINER STRAWBERRY PLANTS ON SWEETNESS OF FRUIT
AS MEASURED BY TASTE: - - SPRING I960 i'

2/
Treatments — '

Average Score

Saccharin - 40 lbs/acre

7.83 a

Saccharin - 30 lbs/acre

7.17 ab

Saccharin - 20 lbs/acre

7.00 ab

Saccharin - 10 lbs/acre

6.33

Control

5.00

3/

4/

b
c

1/ Plants sprayed 4/6/60, tests conducted 4/14/60 or 8 days after spray
application.
2/ Saccharin:

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

3/ Average score given fruit by a panel of 6 judges.
0-10 for sweetness.

Fruit rated

4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XXX
.\

THE INFLUENCE OF TIME OF SACCHARIN SPRAY APPLICATION ON SWEETNESS
OF FRUIT AS MEASURED BY TASTE - SPRING 1960 A'

2/
Average Score —

Dates

Saccharin - 10 lbs/acre 1U
4/12

7.67

4/6

6.33

a

4/
b

Saccharin - 20 lbs/acre
4/12

8.00 a

4/6

7.00

b

Saccharin - 30 lbs/acre
4/12

8.83 a

4/6

7.17

b

Saccharin - 40 lbs/acre
4/12

8.50 a

4/6

7.83

b

1/ Sprays applied 2r and 8 days before tests made. Tests conducted 4/14/60.
2/ Average score given fruit by a panel of 6 judges.
for sweetness.
3/ Saccharin:

Fruit rated 0-10

2,3-dihydro-oxobenzisosulfonazole, sodium salt.

4/ Means no^ having a letter in common are statistically different at the
0.5 level of significance.
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TABLE XXXI
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO HEADLINER STRAWBERRY PLANTS ON SWEETNESS OF FRUIT
AS MEASURED BY TASTE - SPRING 1960 1/

Treatments 2/

Average Score

Saccharin

- 30 lbs/acre

7.37 a

Saccharin

- 40 lbs/acre

7.31 a

Saccharin

- 20 lbs/acre

7.31 a

Saccharin

- 10 lbs/acre

5.75

b

5.25

b

5.00

b

Control II
Control I ,

'

4/

\J One-half of the plants in each treatment plot were sprayed 4/6/60,
- the remaining half sprayed 4/12/60.
Test made 4/20/60 or 8 and 14
days after spray application.
2/ Saccharin:

*2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

3/ Average score given fruit by a panel of 8 judges.
for sweetness.

Fruit rated Q-10

4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XXXII
THE INFLUENCE OF TIME OF SACCHARIN SPRA? APPLICATION ON
SWEETNESS OF FRUIT A? MEASURED BY
TASTE - SPRING 1960

Spray Dates

Average Score

4/12

(8 days prior to date of test)

6.65 a

4/6

(14 days prior to date of test)

6.02 a

—^
2/

1/ Average sweetness score, all rates of saccharin, each date.
2/ Means not having a letter in common are statistically different
at the .05 level of signifiance.

94
TABLE XXXIII
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED ASj FOLIAGE
SPRAYS TO HEADLINER STRAWBERRY PLANTS ON SWEETNESS OF FRUIT
AS MEASURED BY TASTE - SPRING 1960 1/

2/
Treatments —

Average Score 3/

Saccharin - 40 lbs/acre

6.83 a

Saccharin - 30 lbs/acre

6.50 ab

Saccharin - 20 lbs/acre

6.30 ab

Saccharin - 10 lbs/acre

6.00 ab

Control

5.40

4/

b

1/ One-half of the plants in each treatment plot were sprayed 4/6/60,
the remaining half sprayed 4/12/60.
Test made 4/27/60 or 15 and 21
days after spray application.
2/ Saccharin:

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

3/ Average score given fruit by a panel of 5 judges.
for sweetness.

Fruit rated 0-10

4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XXXIV
THE INFLUENCE OF TIME OF SACCHARIN SPRAY APPLICATION ON SWEETNESS
OF FRUIT AS MEASURED BY TASTE - SPRING 1960

Spray Dates

Average Score

4/6

(21 days prior to date

of test)

6.24

a 2/

4/12

(15 days prior to date

of test)

6.17

a

1/ Average sweetness score, all

ratesofsaccharin,

each date.

2/ Means not having a letter
in commonarestatistically
Sjt the .05 level of significance.

different
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TABLE XXXV
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO HEADLINER STRAWBERRY PLANTS ON SWEETNESS OF FRUIT
AS MEASURED BY TASTE - SPRING 1960 1/

2/
Treatments — '

v Average Score

Saccharin - 30 lbs/acre

7.28a

Saccharin - 40 lbs/acre

7.16 a

Saccharin - 20 lbs/acre

6.75 a

Saccharin - 10 lbs/acre

6.50 a

Control

6.13 a

4/

\J One-half of the plants in each treatment plot were sprayed 4/6/60,
the remaining half sprayed 4/12/60.
Test made 5/3/60 or 21 and 27
days after spray application.
2/ Saccharin:

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

3/ Average score given fruit by a panel of 8 judges.
for sweetness.

Fruit rated 0-10

4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XXXVI
THE INFLUENCE OF TIME OF SACCHARIN SPRAY APPLICATION ON SWEETNESS
OF FRUIT AS MEASURED BY TASTE - SPRING 1960

Spray Dates

Average Score

4/12

(21 days prior to date of test)

6.83 a

4/6

(27 days prior to date of test)

6.70 a

If

If Average sweetness score, all rates of saccharin, each date.
2/ Means not having a letter in common are statistically different at
the .05 level of significance.

98
TABLE XXXVII
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO HEADLINER STRAWBERRY PLANTS ON SWEETNESS OF FRUIT
AS MEASURED BY TASTE
SPRING 1960 U

Airorfloo Qpnt-o

Treatments — '
Saccharin - 30 lbs/acre

7.42 a

Saccharin - 40 lbs/acre

7.17 a

Saccharin - 20 lbs/acre

7.08 a

Saccharin - 10 lbs/acre

6.9? a

Control

6.83 a

3/

4/

1/ One-half of the plants in each treatment plot were sprayed 4/6/60,
the remaining half sprayed 4/21/60.
Test made 5/12/60 or 30 and 36
days after spray application.
2/ Saccharin:

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

3/ Average ,/score given fruit by a panel of 6 judges.
for sweetness.

Fruit rated 0-10

4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XXXVIII
THE INFLUENCE OF TIME OF SACCHARIN SPRAY APPLICATION ON SWEETNESS
OF FRUIT AS MEASURED BY TASTE - SPRING I960

Spray Dates__________________________________________ Average Score —
4/6

(36 days prior to date of test)

7.13 a

4/12 (30 days prior to date of test)

7.03 a

2/

1/ Average sweetness score, all rates of saccharin, each date.
2/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XXXIX
THE EFFECTS OF VARIOUS RATES OF SACCHAjRIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO HEADLINER STRAWBEJJRY PLANTS ON SWEETNESS OF FRUIT
AS MEASURED BY TASTE - SPRING 1960 1'

2/
Treatments —

Average Scote — /

Saccharin - 8 lbs/acre

7.1a

Saccharin - 2 lbs/acre

6.6 a

Saccharin - 5 lbs/acre

6.2 a

Control

5.4 a

1/ Plants sprayed with various rates of saccharin 4/20/60.
4/27/60 or 7 days after spfaying.
2/ Saccharin;

4/

Test made

2,3-dihydro-3-dxobenzisosulfona2ole, sodium salt.

3/ Average score given fruit by a panel of 5 judges.
for sweetness.

Fruit rated 0-10

4/ Means not having a letter in common are statistically different at
the .05 level of significance.
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TABLE XL

v
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO HEADLINER STRAWBERRY PLANTS ON SWEETNESS OF FRUIT
AS MEASURED BY TASTE - SPRING 1960 I f

Average Score

Treatments —
Saccharin - 8 lbs/acre

7.25 a

Saccharin - 5 lbs/acre

7.13 a

Saccharin - 2 lbs/acre

6.88 a

Control

6.13 a

1/ Plants sprayed with various rates of saccharin 4/20/60.
5/3/60 or 13 days after spraying.
2/ Saccharin:

3/

4/

Test made

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

3/ Average score given fruit by a panel of 8 judges.
0-10 for sweetness.

Fruit rated

4J Means not having a letter in common are statistically different at
the .05 level of significance.
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The results of 5 separate taste panels conducted on fruit selected from
plants sprayed with the various rates of saccharin are presented in
Tables XXVIII through XL.

Taste panels were conducted on fruit har

vested on various dates after spray applications and the influence
of date of spray application on sweetness is also shown.
As previously noted in "Materials and Methods," each treatment
plot receiving different rates of saccharin was divided in half.

One-

half of the plants in each plot was sprayed on April 6, 1960, the other
half was sprayed April 12, 1960, using the same rate of application.
Therefore, on each test date two samples of fruit from each rate of
saccharin were selected; one sample from plants sprayed April 6, 1960,
the other sample from plants sprayed April 12, 1960.
Table XXVIII shows the effects of various rates of saccharin
sodium applied as foliage sprays to strawberry plants on sweetness of
fruit harvested from these plants 2 days after application.

Panel

members rated the fruit from 0-10 for sweetness, the higher score in
dicating the sweeter fruit.

Values shown represent the mean score

given the fruit from the various treatments by a panel of six judges.
Fruit from the control plants received the lowest mean score.
Fruit of this treatment was statistically different at the .05 level
of significance from fruit of plants receiving the various rates of
saccharin.

The highest mean score, indicating the sweetest fruit,

was given fruit from plants sprayed with 30 pounds of saccharin per
acre.

There was, however, no significant difference in the score
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given fruit of plants sprayed with 20, 30, or 40 pounds of saccharin
per acre.

The average score of the fruit from plants sprayed with 10

pounds of saccharin per acre was significantly lower than fruit from
plants sprayed with 30 pounds of saccharin per acre, but did not differ
significantly from the other rates of saccharin spray application.
Fruit of plants receiving 10 pounds of saccharin per acre was signifi
cantly sweeter than fruit of the control plants.
The effects of various rates of saccharin sodium applied as
foliage sprays to strawberry plants on sweetness of fruit harvested
from these plants 8 days after spray application are shown in Table
XXIX.
Fruit of the control plants had the lowest average score, being
statistically different at the .05 level of significance from fruit of
plants sprayed with all rates of saccharin.
sprayed

Fruit selected from plants

with 40 pounds of saccharin per acre was significantly sweeter

than fruit from plants sprayed with 10 pounds of saccharin per acre or
fruit of the control plants.

No real difference in sweetness occurred

in fruit from plants sprayed with 20, 30 or 40 pounds of saccharin per
acre.

Fruit from plants sprayed with 10 pounds of saccharin per acre

was significantly sweeter than fruit of the control plants and did not
differ significantly from fruit of plants sprayed with 20 or 30 pounds
of saccharin per acre.
Table XXX shows the influence of time of saccharin application
on sweetness of fruit as measured by taste.

The average score of fruit
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from plants sprayed on April 6 is compared with the average score of
fruit from plants sprayed April 12, at all four rates of application.
Fruit harvested from plants sprayed on April 12, I960, was sig
nificantly sweeter than fruit from plants sprayed April 6, 1960, at
the corresponding rates of application.

A significant difference in

sweetness occurred between spray dates at all rates of saccharin ap
plication.
The effects of foliar spray applications of saccharin sodium,
applied at various rates, on sweetness of fruit 8 and 14 days after
spray application are shown in Table XXXI.

The fruit was rated 0-10

for sweetness by a panel of 8 judges.
The interaction between treatments and spray dates was found
to be non-significant;

therefore, spray dates were disregarded in the

comparison of treatments.
Plants sprayed with 20, 30 and 40 pounds of saccharin per acre
had significantly sweeter fruit than the control plants or plants
sprayed with 10 pounds of saccharin per acre.

No real differences

were observed in fruit of plants receiving 20, 30 or 40 pounds of
saccharin per acre.

Fruit of plants sprayed with 10 pounds of sac

charin per acre did not differ significantly in sweetness from fruit
of the control plants.
Table XXXII shows the average score of fruit from plants
sprayed with all four rates of saccharin sodium on two different
spray dates.

The average score of fruit from plants sprayed with
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various rates of saccharin on April 12, 1960 (8 days prior to test
date) did not differ significantly from the mean score of fruit from
plants sprayed with the same rates of saccharin on April 6, 1960 or
14 days prior to date of test.
The effects of various rates of saccharin sodium applied as
foliage sprays to strawberry plants, on sweetness of fruit as deter
mined by a panel of 5 judges is shown in Table XXXIII.
sprayed 15 and 21 days prior to date of test.

Plants were

Judges rated fruit 0-10

for sweetness.
Fruit from plants sprayed with 40 pounds of saccharin per acre
received the highest score, indicating the sweetest fruit.

Fruit of

the control plants was rated the lowest in sweetness and differed sig
nificantly in sweetness from fruit of plants sprayed with 40 pounds of
saccharin per acre.

No real difference in sweetness occurred between

fruit from plants sprayed with 20, 30 or 40 pounds of saccharin per
acre.

Fruit of the control plants did not differ significantly in

sweetness from fruit of plants sprayed with 10, 20 or 30 pounds of
saccharin per acre.
Table XXXIV shows the average sweetness score of fruit from
plants sprayed with the four rates of saccharin on April 6, 1960 (21
days prior to test date) and the average sweetness score of fruit from
plants sprayed on April 12, 1960 (15 days prior to test date) , using
the same rates of application.

No real difference in sweetness existed

between fruit of plants sprayed April 6, 1960 and fruit of plants
sprayed April 12, 1960.
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The effects of various rates of saccharin sodium, applied as
foliage sprays to strawberry plants on sweetness of fruit 21 and 27
days after application are shown in Table XXXV.

Fruit was rated 0-10

for sweetness by a panel of 8 judges.
Fruit from plants sprayed with 20, 30 and 40 pounds of saccha
rin per acre was rated sweeter than fruit from the control plants or
fruit from plants sprayed with 10 pounds of saccharin per acre.
differences, however, were non-significant.

These

No real differences in

sweetness between fruit of plants sprayed with the various rates of
saccharin and fruit of the control plants occurred on this test date.
Table XXXVI shows the average score given the fruit of plants
sprayed with various rates of saccharin April 6, 1960 (27 days prior
to date of test) and the average score of fruit of plants sprayed
with the same rates of saccharin on April 12, 1960 or 21 days prior
to test date.

No real difference in sweetness existed between the

fruit of plants sprayed on these two dates.
The effects of various rates of saccharin sodium applied as
foliage sprays to strawberry plants, on sweetness of fruit 30 and 36
days after spray application are shown in Table XXXVTI.

Fruit was

rated 0-10 for sweetness by a panel of 6 judges.
Fruit from plants receiving 20, 30 and 40 pounds of saccharin
per acre was rated sweeter than fruit of the control plants and fruit
from plants sprayed with 10 pounds of saccharin per acre.

The mean

scores of fruit from plants sprayed with 10, 20, 30 or 40 pounds of
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saccharin per acre were not statistically different at the .05 level
of significance.

Fruit of plants sprayed 'with all four levels of sac

charin showed no significant difference in sweetness from fruit of
the control plants.
Table XXXVIII shows the average score of fruit from strawberry
plants sprayed with the various rates of saccharin on April 6, 1960
(36 days prior to test date) and the average score of fruit from plants
sprayed April 12, 1960 (30 days prior to test date) with the same rates
of saccharin.

No real difference in sweetness of fruit is shown be

tween these two spray dates.
The effects of various rates of saccharin sodium applied as fol
iage sprays to strawberry plants on sweetness of fruit is shown in Table
XXXIX.

Plants were sprayed with 2, 5, and 8 pounds of saccharin per

acre seven days prior to test date.

Fruit was ratfed 0-10 for sweetness

by a panel of 5 judges.
Although fruit from plants sprayed with the various rates of
saccharin received a higher average score than fruit from the control
plants, the differences were non-significant at the .05 level of signi
ficance.

Fruit from plants sprayed with 8 pounds of saccharin per acre

received the highest average score.

Fruit from the control plants had

the lowest average score.
Table XL shows the effects of various rates of saccharin applied
as foliage sprays to strawberry plants on sweetpess of fruit.

Plants

were sprayed with 2, 5 and 8 pounds of saccharin per acre 13 days prior
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to the test date.

Fruit was rated 0-10 for sweetness by a panel of 8

judges.
Fruit from plants sprayed with 2, 5 and 8 pounds of saccharin
per acre again scored higher than fruit of the control plants.

No

real differences in sweetness of fruit occurred between treatments on
this test date.
The effect of various rates of saccharin sodium applied as fol
iage sprays to strawberry plants on pH and per cent soluble solids,
six and twelve days after spray application is shown in Table XLI.
Very slight differences in per cent soluble solids and negli
gible differences in pH, between fruit of plants sprayed with various
rates of saccharin and fruit of the control plants, were obtained in
these tests.

Fruit of the control plants was highest in soluble solids,

having an average soluble solids content of 8.4.

Fruit from plants

sprayed with 10 pounds of saccharin per acre were lowest in per cent
soluble solids (7.4), six days after spray application.

Twelve days

after spray application fruit from plants sprayed with 40 pounds of
saccharin per acre were lowest in soluble solids, with an average of
7.2 per cent.

No appreciable differences in pH were found in fruit of

the various treatments six or twelve days after spray application.
The effect of various rates of saccharin sodium applied as fol
iage sprays to strawberry plants on per cent sugars of the fruit is
shown in Table XLII.

Sugar determinations were made on fruit harvested

May 3, 1960, approximately three weeks after the spray application.

109
TABLE XLI
THE EFFECT OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO STRAWBERRY PLANTS ON pH AND PER CENT SOLUBLE SOLIDS...
OF FRUIT, SIX AND TWELVE DAYS AFTER APPLICATION SPRING 1960
6 days
Per cent
Soluble Solids

Treatments — ^

pH

12 days
Per cent
. Soluble Solids

PH

Control

8.4

3.54

8.4

3.54

Saccharin - 30 lbs/acre

8.0

3.58

7.6

3.34

Saccharin - 40 lbs/acre

7.8

3.43

7.2

3.44

Saccharin - 20 lbs/acre

7.6

3.59

8.2

3.43

Saccharin - 10 lbs/acre

7.4

3.48

7.8

3.42

\J Saccharin:

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.
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TABLE XLII
THE EFFECT OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO STRAWBERRY PLANTS ON PER CENT SUGARS
OF FRUIT - SPRING 1960

Treatments •1/

Per cent Sugars

Saccharin - 40 lbs/acre

9.56

Saccharin - 10 lbs/acre

9.53

Saccharin -

2 lbs/acre

9.53

Saccharin -

5 lbs/acre

9.49

Saccharin - 20 lbs/acre

9.33

8 lbs/acre

9.21

Saccharin Control

9.17

Saccharin - 30 lbs/acre

9.05

1_/ Saccharin:

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

Ill
Fruit from plants sprayed with 40 pounds of saccharin pet ac£%-..
had the highest per cent sugars, 9.56, while fruit from plants sprayed
with 30 pounds of saccharin had the lowest, 9.05.
trol plants had 9.17 per cent sugars.

Fruit of the con-

Very little difference in per

cent sugars occurred between the fruit of the various treatments.
The effects of various rates of saccharin sodium applied as
foliage sprays to strawberry plants on color of fruit as measured by
the Gardner Color and Color Difference Meter are shown in Tables
XLIII, XLIV and XLV.
Plants receiving 2, 5 and 8 pounds of saccharin per acre were
sprayed 5 days before date of test.

Those receiving 10, 20, 30 and

40 pound rates were sprayed approximately two weeks prior to the test
date.
Table XLIII shows the average a/L reading obtained by subject
ing 35 fruit, selected at random from each treatment, to the Gardner
Color and Color difference Meter.

The highest average a/L reading

(32.9) was obtained on fruit of plants sprayed with 8 pounds of sac
charin per acre.

Fruit from plants sprayed with 8 pounds of sac

charin had an a/L reading statistically different at the .05 level
of significance from fruit of plants sprayed with 10, 30 or 40 pounds
of saccharin per acre, as well as fruit of the control plants.

Fruit

of the control plants had the lowest a/L reading (27.7) and was sta
tistically different at the .05 level of significance from fruit of
all other treatments.

No real differences occurred in a/L values of

fruit from plants sprayed with 2, 5, 8 or 20 pounds of saccharin per
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TABLE XLIII
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO STRAWBERRY PLANTS ON COLOR OF FRUIT AS MEASURED BY
THE GARDNER COLOR AND COLOR DIFFERENCE METER SPRING 1960

V

Treatments •1/

a/L •

Saccharin -

8 lbs/acre

32.9 a

Saccharin -

2 lbs/acre

32.4 ab

Saccharin -

5 lbs/acre

32.3 ab

3/

Saccharin - 20 lbs/acre

31.8 abc

Saccharin - 40 lbs/acre

30.8

be

Saccharin - 30 lbs/acre

30.6

be

Saccharin - 10 lbs/acre

30.3

c

Control

27.7

1/ Saccharin:

d

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

2/ Average of 35 fruit, selected at random from each treatment.
3/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE XLIV
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO STRAWBERRY PLANTS ON COLOR OF FRUIT AS MEASURED BY
THE GARDNER COLOR AND COLOR DIFFERENCE METER SPRING 1960

2/
b/L •:

Treatments 1/
Saccharin -

8 lbs/acre

14.9 a

Saccharin -

5 lbs/acre

13.4

b

Saccharin - 40 lbs/acre

12.9

be

Saccharin - 20 lbs/acre

12.9

be

Saccharin -

2 lbs/acre

12.6

be

Saccharin - 10 lbs/acre

11.9

c

Saccharin - 30 lbs/acre

11.8

c

Control

1/ Saccharin:

9.6

3/

d

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

2/ Average of 35 fruit, selected at random from each treatment.
3/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE XLV
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO STRAWBERRY PLANTS ON COLOR OF FRUIT AS MEASURED BY
THE GARDNER COLOR AND COLOR DIFFERENCE METER SPRING 1960
aL/bL
Ratio

Treatments —
Control

2.90 a

Saccharin - 30 lbs/acre

2.58

b

Saccharin -

2 lbs/acre

2.56

b

Saccharin - 10 lbs/acre

2.54

be

Saccharin - 20 lbs/acre

2.47

bed

Saccharin -

5 lbs/acre

2.43

cd

Saccharin - 40 lbs/acre

2.40

d

Saccharin -

2.22

1/ Saccharin:

8 lbs/acre

3/

e

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

2/ Average ratio obtained by dividing a/L reading of 35 individual
fruit by b/L reading of the same 35 fruit.
3/ Means not having a letter in common are statistically different
at the .05 level of significance.
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acre.

Fruit from plants sprayed with 2, 5, 20, 30 or 40 pounds of

saccharin per acre showed no significant differences in a/L read
ings.

The average a/L values of fruit from plants sprayed with 10,

20, 30 or 40 pounds of saccharin per acre did not differ signifi
cantly.
Table XLIV shows the average b/L reading of the same 35 fruit
of each treatment used for a/L determinations.
Fruit of plants sprayed with 8 pounds of saccharin per acre
had the highest average b/L value (14.9) being statistically differ
ent at the .05 level of significance from fruit of all other treat
ments.

Fruit of the control plants had the lowest b/L reading (9.6).

This value was statistically different at the .05 level of signifi
cance from the fruit of all other treatments.

No real differences

in b/L readings of fruit from plants sprayed with 2, 5, 20 or 40
pounds of saccharin per acre occurred.

Fruit of plants sprayed with

2, 10, 20, 3d or 40 pounds of saccharin per acre showed no signifi
cant differences in b/L values.
Table XLV shows the average aL/bL ratio of fruit of the vari
ous treatments.

The average ratio obtained by dividing the a/L read

ings of 35 individual fruit by the b/L readings of the same 35 fruit
in each treatment is shown in this table.

The higher the ratio, the

more red (or less orange) the hue of the strawberry fruit.
Fruit of the control plants had the highest average aL/bL
ratio (2.90), indicating that it was more red (or less orange) than
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fruit from plants sprayed with the various rates of saccharin.

The

fryit of the control plants was significantly different from fruit of
plants sprayed with all rates of saccharin.
Fruit from plants sprayed with 8 pounds of saccharin per acre
had the lowest average aL/bL ratio which indicated that it had signi
ficantly less red color or was more orange in color than fruit of all
other treatments.

Fruit from plants sprayed with 40 pounds of sac

charin per acre also had a low aL/bL ratio, being significantly less
red or more orange than fruit of plants sprayed with 2, 10 or 30
pounds of saccharin per acre.

No real difference in color was noted

in fruit of plants sprayed with 5, 20, or 40 pounds of saccharin per
acre.

No significant differences occurred in fruitof plants

sprayed

with 2, 10, 20 and 30 pounds of saccharin per acre. . Fruit of plants
sprayed at those rates was significantly less red or more orange than
fruit of the control and significantly more red or less orange than
the fruit of plants sprayed with 8 or 40 pounds of saccharin per acre.
Plate 10 shows the effects of various rates of saccharin sodium
applied as foliage sprays to strawberry plants on the appearance of
the fruit.

Fruit from plants sprayed with 40 pounds of saccharin per

acre show considerable injury to the calyx.

The calyxes of these

fruit were smaller in size and often brown in color.Lower rates of
saccharin resulted in less injury to the calyx.
It is noteworthy that fruit from plants receiving saccharin
sprays were not as red in color as fruit from control plants.

Fruit
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Plate 10.

The Effect of Various Rates of
Saccharin Sodium applied as
Foliage Sprays to Headliner
Strawberry Plants on Appear
ance of Fruit - 1960.
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from plants receiving 30 or 40 pounds of saccharin per acre appeared
paler in color than fruit of the control or fruit from plants receiv
ing 10 or 20 pounds of saccharin per acre.

This difference in color

of fruit of the various treatments was previously noted in Table XLV.
The effects of various rates of saccharin sodium applied as
foliage sprays to Headliner strawberry plants on firmness of fruit
thirteen days after spray application are shown in Table XLVI.

Firm

ness of the fruit was determined by the use of a grease cone penetrom
eter.

The depth of penetration (mm) in 10 seconds was recorded for

35 fruit selected at random from each treatment.

Values presented

are average penetration depth in mm of these fruit.
No significant difference in mean penetration depth occurred in
fruit from plants sprayed with 10, 20, 30 or 40 pounds of saccharin
per acre.

The lowest average penetration depth, indicating a firmer

fruit, was recorded for fruit of the control plants.

Fruit of the

control plants were significantly firmer than fruit of plants sprayed
with 20 or 30 pounds of saccharin per acre.

However, no real differ

ences in fruit firmness occurred in fruit of plants sprayed with 10
or 40 pounds of saccharin per acre or fruit of the control.
Table XLVII shows the effects of various rates of saccharin
applied as foliage sprays to strawberry plants on firmness of fruit
nineteen days after spray application.
No real differences in mean penetration depths occurred in
fruit of plants sprayed with 10, 20, 30 or 40 pounds of saccharin
per acre.

However, fruit 'Dir:pldnts sprayed with 10, 30 and 40 pounds
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TABLE XLVI
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO STRAWBERRY PLANTS ON FIRMNESS OF FRUIT THIRTEEN DAYS
AFTER SPRAY APPLICATION - SPRING 1960

Firmness 2J

Treatments —
Saccharin - 20 lbs/acre

168.3 a

Saccharin - 30 lbs/acre

166.3 a

Saccharin - 40 lbs/acre

163.6 ab

Saccharin - 10 lbs/acre

163.4 ab

Control

152.9

1/ Saccharin:

3/

b

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

2/ The depth of grease cone penetration (mm) in 10 seconds.
of 35 fruit selected at random from each treatment.

Average

3/ Means not having a letter in common are statistically different
at the .05 level of significance.
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TABLE XLVII
THE EFFECTS OF VARIOUS RATES OF SACCHARIN SODIUM APPLIED AS FOLIAGE
SPRAYS TO STRAWBERRY PLANTS ON FIRMNESS OF FRUIT NINETEEN DAYS
AFTER SPRAY APPLICATION - SPRING I960

Fimness

Treatments —

2/

Saccharin - 30 lbs/acre

172.7 a

Saccharin - 10 lbs/acre

169.6 a

Saccharin - 40 lbs/acre

168.0 a

Saccharin - 20 lbs/acre

162.1 ab

Control

153.0

\J Saccharin:

3/

b

2,3-dihydro-3-oxobenzisosulfonazole, sodium salt.

2/ The depth of grease cone penetration (mm) in 10 seconds.
of 35 fruit selected at random from each treatment.

Average

3/ Means not having a letter in common are statistically different
at the .05 level of significance.
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of saccharin per acre had average penetration depths significantly
higher than fruit of the control or fruit of plants sprayed with 20
pounds of saccharin per acre.

Fruit of the control plants had the

lowest average penetration depth but did not differ significantly
from fruit of plants sprayed with,.20 pounds of saccharin per acre.
Fruit of these treatments were significantly firmer than fruit from
plants sprayed with 10, 30 or 40 pounds of saccharin per acre.

Systemic Insecticides
The chemicals used in this experiment were applied to the pre
pared rows prior to transplanting the strawberry plants.

Methyl bro

mide was applied to the six plots receiving this treatment on November
16, 1968.

The various rates of phorate and Temik were applied on Novem

ber 22, 1968 to the plots treated with these chemicals.

The strawberry

plants were transplanted December 5, 1968 or approximately two weeks
after the various rates of phorate and Temik had been applied.
Plants of all plots were examined on five dates prior to the
beginning of harvest to check for the presence of aphids and spider
mites.

Observations were made January 22, January 28, February 8,

February. 25 and March 10, 1969.

There were no actual counts of aphids

or spider mites made on these dates, only the presence or absence
noted.
On January 22, 1969 aphids were found on some plants in all
treatments.

No spider mites were observed on this date on any of the

plants examined.

122
The second observation made January 28, 1969 revealed aphids on
plants treated with all three rates of phorate, but none on any of the
plants treated with Temik.

Plants of the control plots and of plots

treated with methyl bromide were sprayed January 27, 1969 with malathion and Kelthane and were therefore relatively free of aphids.
On February 8, 1969 some aphids were found on plants of all
treatments except those of plots treated with Temik.

In two replica

tions several plants on plots treated with 1 pound of Temik per acre
were found to have a few aphids on them.

Aphids were found on plants

that had been treated with all rates of phorate as well as plants of
the control plots and plots treated with methyl bromide.
Plants of all plots were again examined on February 25, 1969.
The results of this observation were essentially the same as the prev
ious one.

Aphids were found on plants treated with all three rates of

phorate, plants of the control and plants of plots treated with methyl
bromide.

A very few aphids were found on a small number of plants on

plots treated with 1 pound of Temik per acre.

None were found on plants

receiving the 2 or 3 pounds per acre rates of Temik.

Dead aphids were

observed on some of the plants on plots treated with phorate.
Plants of the control plots and those on plots treated with
methyl bromide were sprayed with ethion on February 27, 1969.

All

plants were sprayed with Zerlate for leaf spot control on this date.
The final observation was made on March 10, 1969.

Fewer aphids

were observed on plants of all treatments on this date than on the two
previous observation dates.

Plants on at least one-half of the plots
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treated with phorate were free of aphids.

A very small number of aphids

were found on plants of only two plots treated with 1 pound of Temik per
acre.

None were found on plants treated with 2 or 3 pounds of Temik per

acre.

Plants of the control and plots treated with methyl bromide were

relatively free of aphids on this date.
Temik at

all rates provided good controlof aphids and spider

mites throughout the season.
of aphids than Temik.

Phorate afforded less effective control

It is of interest that even though aphids were

found on plants of plots treated with all rates of phorate, they did
not seem to increase in numbers during the season but, instead, the
numbers were lowest on the last observation date, March 10, 1969.
The effect of various chemical applications to the soil on the
yield of the Headliner variety of strawberries is shown in Table XLVIII.
The total yield

in grams of marketable fruit of six 10 foot plots or

120 plants, as well as the total yield in flats per

acre is presented.

The highest yield, 1068.9 flats per acre, was obtained from
plants on plots treated with 3 pounds of phorate per acre.

Plants on

plots treated with 3 pounds of Temik per acre produced the next high
est yield, 1056.97 flats per acre.

These two treatments resulted in

yields significantly higher than the control or plants on soil treated
with methyl bromide, 1 pound of phorate per acre or 2 pounds of phorate
per acre.

No significant differences in yield occurred between plants

on plots treated with 1, 2 or 3 pounds of Temik per acre and plants of
plots treated with 3 pounds of phorate per acre.

No real differences

I
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TABLE XLVIII
THE EFFECT OF VARIOUS CHEMICALS APPLIED TO THE SOIL ON THE YIELD
OF THE HEADLINER STRAWBERRY VARIETY - SPRING 1969
Total Yield
Six Plots
(Grams) — '

Treatment — ^

Total Yield
Flats
per Acre

Phorate - 3 lbs/acre — ^

24547

1068.90 a

Temik

- 3 lbs/acre

24273

1056.97 a

Temik

- 2 lbs/acre

22775

991.74 ab

Temik

- 1 lb/acre

22502

979.85 ab

Phorate - 2 lbs/acre

21868

952.24

b

Phorate - 1 lb/acre

21497

936.09

b

Control

21334

928.99

b

17311

753.81

mc2

-

1 lb/plot

1/ Phorate:

1/

c

0,0-Diethyl S-(ethylthio)-methyl phosphorodithioate
("Thimet").

Temik:

2-Methyl-2-(methylthio)propionaldehyde-O-(methylcarbamoyl)
oxime.

MC2 :

"Brom-O-Gas." Methyl Bromide Soil Fumigant, one-pound
cans containing 98 per cent methyl bromide and 2 per cent
chloropicrin.

2/ Pounds of active ingredient per acre.
3/ The total yield, in grams, of marketable fruit of six 10-foot plots
or 120 plants.
4/ Average yield of marketable fruit, in flats, per acre. Average sea
sonal weight of one flat of Headliner strawberries, 1969 season =
5,003.208 grams.
5/ Yields not having a letter in common are statistically different at
the .05 level of significance.
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occurred between the yields of plants on plots treated with the 1 and 2
pound rates of phorate, the 1 and 2 pound rates of Temik and the con
trol.

Plants on plots treated with methyl bromide produced the lowest

yield of all treatments, being statistically different at the .05
level of significance.
Table XLIX shows the total number of rotted fruit of six 10-foot
plots or 120 plants (eleven harvest dates) by treatment.

The average

number of rotted fruit of a single 10-foot plot or 20 plants (eleven
harvest dates) is also given.
The highest average number of rotted fruit (91.0) occurred on
plots treated with methyl bromide.
occurred on the control plots.

The lowest mean number (64.8)

No real differences in the number of

rotted fruit occurred between the various treatments.
The effect of various chemical applications to the soil on
the soluble solids content of Headliner strawberries is shown in Table
L.

The average per cent soluble solids is given for three harvest

dates for each treatment.

The percentage soluble solids as an average

of three harvest dates is also shown for the various treatments.
On April 22, 1969 fruit from plots treated with 3 pounds of
Temik per acre and 1 pound of phorate per acre had the highest soluble
solids content with an average percentage of 7.5 and 7.4, respectively.
Fruit of plants on plots treated with 2 pounds of Temik per acre or
with methyl bromide had the lowest per cent soluble solids with values
of 6.8 and 6.9, respectively.

Fruit of the control plants had an aver

age soluble solids content of 7.3 per cent.
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TABLE XLIX
THE EFFECT OF VARIOUS CHEMICALS APPLIED TO THE SOIL ON
STRAWBERRY FRUIT ROTS - SPRING 1969

Treatments — ^

Total Number
Rots 1J

Average Number
Rots y

Control

389

64.8 a

Phorate - 1 lb/acre 2J

412

68.7 a

Temik

432

72.0 a

Phorate - 2 lbs/acre

457

76.2 a

Temik

- 3 lbs/acre

462

77.0 a

Temik

- 2 lbs/acre

494

82.3 a

Phorate - 3 lbs/acre

520

86.6 a

MC2

546

91.0 a

- 1 lb/acre

.

- 1 lb/plot

5/

1/ Phorate: 0,0-Diethyl S-(ethylthio)-methyl phosphorodithiote ("Thimet").
Temik:

2-Methyl-2-(methylthio)propionaldehyde-O-(methylcarbamoyl)
oxime.

MC 2 :

"Brom-O-Gas," Methyl Bromide Soil Fumigant, one pound cans
containing 98 per cent methyl bromide and 2 per cent chloropicrin.

2/ Pounds of active ingredient per acre.
3/ Total number of rotted fruit from six 10-foot plots or 120 plants,
eleven harvest dates.
4/ Average number of rotted fruit per 10-foot treatment plot (20 plants)
eleven harvest dates.
5 ) Means not having a letter in common are statistically different at

the .05 level of significance.
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TABLE L
THE EFFECT OF VARIOUS CHEMICALS APPLIED TO THE SOIL ON
PERCENTAGE SOLUBLE SOLIDS OF HEADLINER STRAWBERRIES THREE HARVEST DATES, 1969
Percentage
Soluble
Solids'
4/22/ &

Treatments

Percentage
Soluble
Solids
4/30/69

Percentage
Soluble
Solids
5/6/69

Average
Three
Dates^'

Phorate - 1 lb/acre —

7.4 V

7.7

7.7

7.6 a 5,

Phorate - 2 lbs/acre

7.2

7.8

7.6

7.5 a

Control

7.3

7.4

7.9

7.5 a

Temik

- 3 lbs/acre

7.5

7.5

7.6

7.5 a

Temik

- 1 lb/acre

7.1

7.5

7.6

7.4 ab

Phorate - 3 lbs/acre

7.2

7.3

7.2

7.2 ab

Temik

- 2 lbs/acre

6.8

7.5

7.0

7.1

b

MC2

- 1 lb/plot

6.9

7.5

6.7

7.0

b

1/ Phorate: 0,0-Diethyl S-(ethylthio)-methyl phosphorodithiote ("Thimet").
Temik:

2-Methyl-2- (methylthio) pr®pionaldehyde-0- (methylcarbamoyl)
oxime.

MC 2 :

"Brom-O-Gas," Methyl Bromide Soil Fumigant, one pound cans
containing 98 per cent methyl bromide and 2 per cent chloropicrin.

2/ Pounds of active ingredient per acre.
3/ Each value is the mean of 12 readings, involving 24 individual fruit.
4/ Average percentage soluble solids, three test dates.
5/ Means not having a letter in common are statistically different at
the .05 level of significance.
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On April 30, 1969 fruit from plants on soil treated with 2
pounds of phorate per acre and 1 pound of phorate per acre had aver
age soluble solids percentages of 7.8 and 7.7.

Fruit from plants on

soil treated with 3 pounds of phorate per acre and fruit of the con
trol plants was lowest in soluble solids having values of 7.3 and
7.4, respectively.

The soluble solids percentages of fruit from the

remaining treatments were very nearly the same, all averaging approxi
mately 7.5 per cent.
Fruit of the control plants had the highest average soluble
solids per cent of all treatments on May 6, 1969.

Fruit of plants

from plots treated with methyl bromide had the lowest average per
cent soluble solids, being 1.2 lower in soluble solids than fruit of
the control plants.

Fruit of plants on plots treated with 2 pounds

of phorate per acre and 1 or 3 pounds of Temik per acre all had a
soluble solids percentage of approximately 7.6.

Plants on plots

treated with 2 pounds of Temik per acre or 3 pounds of phorate per
acre produced fruit with soluble solids percentages much lower than
fruit of the control and slightly higher than fruit of plants on
plots treated with methyl bromide.

Fruit of plants treated with 1

pound of phorate per acre was only .2 per cent lower in soluble solids
than fruit of the control.
Fruit of plants on plots treated with methyl bromide and fruit
of plants on plots treated with 2 pounds of Temik per acre was sig
nificantly lower in soluble solids when the soluble solids percentages
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of the three test dates were averaged.

The highest soluble solids,

an average of three test dates, occurred in fruit of plants treated
with 1 pound of phorate per acre, 2 pounds of Temik per acre and fruit
of the control plants.
The growth habit of Headliner strawberry plants treated with
methyl bromide, control, 3 pounds of phorate per acre and 3 pounds
of Temik per acre is shown in Plates 11, 12, 13 and 14.
Plants on all plots treated with methyl bromide were extremely
vigorous, noticeably more vigorous than all other treatments.

The

plants of the control plots were less vigorous than plants on plots
treated with 3 pounds of phorate or 3 pounds of Temik per acre.

Little

visual difference was noted between the plants on plots treated with
phorate and plants on plots treated with Temik.
The comparative growth of plants receiving various treatments
is shown in Plates 15, 16, and 17.
Plate 15 shows plots, treated with methyl bromide, 3 pounds of
Temik per acre, and 3 pounds of phorate per acre.

All three treat

ments resulted in increased vigor of plants; however, plants on the
plot treated with methyl bromide were decidedly more vigorous.
Plate 16 shows plots treated with 1 pound of phorate per acre,
2 pounds of phorate per acre and methyl bromide.

Here, again, the

outstanding vigor of plants of the methyl bromide treated plots was
readily seen.

!

...................................

I

.

Plate 11.

Growth Habit of Head
liner Strawberry Plants
on Soil Treated with
MC2 . - 1969

Plate 12.

Growth Habit of Head
liner Strawberry Plants
on Control Plot. - 1969

Plate 13.

Growth Habit of Headliner
Strawberry Plants on Soil
Treated with 3 lbs Phorate
per Acre. - 1969
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Plate 14.

»

i.

Growth Habit of Headliner
Strawberry Plants on Soil
Treated with 3 lbs Temik
per Acre. - 1969

MC,

Plate 15.

1 lb.
Phorate
Plate 16.

3 lbs
Temik

3 lbs
Phorate

Comparative Growth of Plants
Receiving Various Chemical
Treatments. - 1969

2 lbs
Phorate

MC,

Comparative Growth of Plants
Receiving Various Chemical
Treatments. - 1969

Control

Plate 17

2 lbs
Temik
Comparative Growth of Plants
Receiving Various Chemical
Treatments. - 1969
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Plate 17 shows plots of control, 2 pounds of Temik per acre,
and methyl bromide.

Again, the vigor of the plants on the methyl bro

mide plot was outstanding.

Plants of the control plot were less vigor

ous than plants on the plot treated with 2 pounds of Temik per acre.

DISCUSSION

Fungicide Studies
Significant increases in yield of strawberries resulting from
spraying plants with captan were reported by Powell (64) and by Kirby
et al. (39).

Powell (64) obtained an increase of 84 crates of straw

berries per acre from five pre-harvest sprays of captan.

A 30 per

cent increase in yield from two post-bloom sprays of captan was shown
by Kirby ej: al. (39) .
None of the spray treatments used in this experiment resulted
in a significant increase in yield of fruit over the control.

Higher

yields than the control were obtained from plants sprayed with 1/16
or 1/4 pound of DHA-S per acre and from plants sprayed with 2 or 4
pounds of captan per acre.
A possible explanation as to why none of the spray treatments
in this study resulted in a significant

increase in yield seems to

be that the 1960 strawberry season was not conducive to the develop
ment of fruit rots.

Fruit rots are much more prevalent during sea

sons when rainfall is heavy and under warm, humid climatic conditions.
Only 5.47 inches of rain yere recorded between April 14 and May 22,
1960, the period during which fruit was harvested.

As a result, fruit

rots in general were quite low and the various spray treatments were
ineffective in increasing yields significantly over that of the con
trol .
Numerous reports of the effectiveness of captan sprays for
controlling fruit rots of strawberries have been cited (32, 33, 35,
135
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39, 45, 48, 49, 63, 64, 65, 87).

The results of this study indicate

that captan was the most effective fungicide used for controlling
fruit rots and are in agreement with the findings of these workers.
In examining the data presented in Table II it is to be noted
that the mean weights of rotted fruit of the various treatment plots,
as an average of seven harvest dates, were not statistically different
at the .05 level of significance.

However, significant differences in

treatments did occur on harvest dates when highest amounts of rotted
fruit were recorded for the control plots.

On the four dates of

highest rot incidence, April 26, April 28, May 2, and May 6, 1960, the
average amount of rotted fruit from plants sprayed with 4 pounds of
captan per acre was significantly lower than that of the control.

/

Plants sprayed with 2 pounds of captan per acre had significantly less
rotted fruit than the control plants on April 26, May 2 and May 6, 1960.
Captan at both rates of application significantly reduced fruit rots
of strawberries when conditions were favorable for rot development.
DHA-S was less effective than captan in controlling strawberry
fruit rots.

On two dates, April 26 and May 2, 1960, plants sprayed

with DHA-S at 1/2 pound of active material per acre had significantly
less rotted fruit than the control.

On April 26, 1960 no significant

differences in the mean weight of rotted fruit occurred between plants
sprayed with 1/2 pound of DHA-S and those sprayed with 4 pounds of cap
tan per acre.

However, on May 2 and May 6, 1960 plants sprayed with

captan at 4 pounds of active material per acre had significantly less
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rotted fruit than plants sprayed with 1/2 pound of DHA-S per acre.

This

is in agreement with the findings of Horn (32) who reported that Orthocide 406 (captan) was more effective than dehydroacetic acid in control
ling Botrytis cinerea.
Hortesin afforded the poorest control of fruit rots of the three
fungicides used in this study.

Only on the date of highest rot occur

rence did plants sprayed with this material have significantly less
rotted fruit than the control.
Pre-harvest sprays of captan were found to delay the develop
ment of post-harvest rot of strawberry fruit by Powell (64).

Powelson

(65) noted that three pre-harvest applications of captan significantly
reduced rot incidence in the field and also the amount of latent in
fection of marketable fruit.
with these workers.

Results of this study are in agreement

Fruit from plants sprayed with either 2 or 4

pounds of captan per acre when stored five days at 35 degrees F. showed
no fruit rots (Table XXII).

These treatments differed significantly

from the control which had an average of 3.25 rotted fruit per pint.
In a second storage study fruit from plants sprayed with either
2 or 4 pounds of captan per acre were completely free of rots after 8
days storage at 35 degrees F. (Table XXIII).

Although fruit of the

control plants had an average of 3.75 rotted fruit per pint and fruit
of plants sprayed with the two rates of captan had no rotted fruit
after 8 days storage at 35 degrees F., when examined statistically,
the difference was found to be non-significant at the .05 level of
significance.
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In a third storage study fruit of plants sprayed with both the
2 and 4 pound per acre rates of captan had significantly less rotted
fruit than the control after seven days storage at 35 degrees F.
(Table XXIV).
Powelson (65) expressed the belief that the calyx is the primary
pathway of infection and that fungicidal sprays protected the calyx
against infection.

This accounted for the effectiveness of pre-harvest

fungicidal sprays in controlling post-harvest fruit rots.
Dehydroacetic acid has been shown to be effective in the control
of Botrytis cinerea in laboratory tests and in field tests by Horn (32).
Young and Benche (101) reported that dehydroacetic acid applied as a
fruit dip, provided the most effective control of fruit rots.

Other

workers (78, 90, 100) have confirmed the effectiveness of dehydroacetic
acid in controlling fruit rots when applied as a fruit dip.

The results

of this study indicate that even though DHA-S afforded some control of
fruit rots in the field, it was ineffective in the control of post
harvest rots when applied as a pre-harvest spray.

Fruit from plants

sprayed with DHA-S at the various rates in the field would not have
nearly as high a concentration of the chemical on the fruit as fruit
that had been dipped in solutions containing the chemical.

This might

in part account for its inability to control post-harvest fruit rots.
Captan apparently has better residual activity than DHA-S, since it
did effectively control post-harvest rots when applied as pre-harvest
sprays.
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Hortesin sprays applied to strawberry plants in the field were
ineffective in the control of post-harvest fruit rots.

This material

gave the poorest control of fruit rots in the field as well as after
harvest and during storage of the fruit.
No marked differences in soluble solids of fruit of the various
treatments occurred in this study; however, fruit of all but one spray
treatment had higher soluble solids than the control. Fruit from plants
sprayed with 4 pounds of captan per acre or 1/2 pound of DHA-S per acre
had the highest average soluble solids per cent.

Fruit of plants

sprayed with 1/4 pound of DHA-S per acre and fruit of the control were
lowest in soluble solids.

Considerable variation in soluble solids

occurred within treatments on the three test dates.
Fruit of plants sprayed with DHA-S at the four rates and fruit
of plants sprayed with captan at the two rates had higher pH values
than fruit of plants sprayed with Hortesin at the various rates or
fruits of the control plants on April 18, I960.

No appreciable differ

ences in pH of fruit from the various treatments occurred on April 22,
1960.
The highest percentage of sugars was found in fruit of the
control plants, the lowest in fruit from plants sprayed with 1/2 pound
DHA-S per acre.

No marked differences in per cent sugars occurred

among the various treatments.
Negligible differences in titratable acidity occurred between
fruit of the various treatments in this study.
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Under the conditions of this experiment the various rates of
captan, DHA-S and Hortesin applied as sprays to strawberry plants in
the field had little effect on soluble solids, pH, titratable acidity
or per cent sugars of the fruit.

Saccharin Studies
Strawberry plants sprayed with 40 pounds of saccharin sodium
per acre produced significantly less marketable fruit than the control
or plants sprayed with 10, 20, or 30 pounds of saccharin per acre.

No

real differences in yield were noted between plants receiving 10, 20
or 30 pounds of saccharin per acre; however, plants sprayed with the
30 pound rate produced significantly less fruit than the control.

Both

the 30 and 40 pound per acre rates of saccharin caused considerable in
jury to the foliage, flowers and young fruit of the strawberry plants.
Plates 8 and 9 show some of the injury sustained by the plants sprayed
with these rates of saccharin.

Much less injury to plants resulted

from the 10 and 20 pound rates of saccharin and the yield of these
plants did not differ significantly from the control.
The reduction in yield of plants sprayed with the 30 or 40 pound
rates of saccharin can be attributed to the injury to the plants re
sulting from these rates of application.

It is significant that as

the rate of saccharin decreased, the yield of fruit increased, the
highest yield being obtained from the control (Table XXVIII).
Injury to plants resulting from saccharin applications has been
observed by other workers (42, 52).

Lasheen and Russell (42) reported
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that severe injury to leaves and certain limbs resulted when saccharin
sodium was injected into peach trees.

When saccharin was sprayed on

McIntosh apple trees at rates up to 72 grams per tree, no leaf b u m
or abnormal defoliation was noted; however, a slight fading of green
color of the leaves was observed on trees sprayed with the 72 gram rate.
Morton et al. (52) found that when saccharin was applied to the soil and
to the foliage of pepper plants, some phytotoxicity resulted in all
treatments.

Yields were reportedly reduced in most of the saccharin

treatments.
The results of five separate taste panels conducted on fruit se
lected from plants sprayed with different rates of saccharin sodium at
varying dates after application are presented in Tables XXVII through
XL.

These data in general show that foliage applications of saccharin

sodium to strawberry plants result in fruit that is significantly sweeter
than fruit of plants not sprayed with saccharin.

The degree of sweet

ness is dependent upon the concentration of the spray and also upon the
time interval between application and taste test.

Fruit of plants

sprayed with the higher rates, 20, 30 or 40 pounds of saccharin per
acre, were sweeter than fruit of plants sprayed with 10 pounds of sac
charin per acre or fruit of the control plants.

Although fruit from

plants sprayed with the various rates of saccharin 30 and 36 days after
the date of spray application had higher average scores than fruit of
the control plants, the variations in sweetness were not statistically
different at the .05 level of significance.

Approximately 21 days

after the date of spray application, the differences between the vari
ous treatments were non-significant.

Fruit of plants sprayed with 10

pounds of saccharin per acre was not significantly sweeter than fruit
of the control plants approximately 14 days after date of saccharin
spray application.
These results substantiate those of Lasheen and Russell (42)
who reported that the amount of saccharin recovered in apples from
trees sprayed with various rates of saccharin sodium varied with the
concentration applied.

These workers also noted that in all treat

ments a definite correlation existed between the amount of saccharin
recovered in the fruit and the time of application.

They found that

in any given treatment, the amount of saccharin in fruit was higher
the closer to harvest the trees were sprayed.
Although fruit of plants sprayed with 2, 5 or 8 pounds of sac
charin per acre received a higher average score than fruit of the
control plants, the differences in sweetness when examined statisti
cally were found to be non-significant.

Lasheen (41) observed that

even though as little as 20 ppm of saccharin in a pure solution can
be detected by taste, a higher concentration of saccharin must be
added to fresh fruits and vegetables in order for it to be detected
because of the masking effects of natural constituents in these
products.

He stated that about 100 ppm of saccharin must be present

in apples to be detected by taste.

It is reasonable to assume that

this is perhaps the reason why the 2, 5 or 8 pound rates of saccharin
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were ineffective in significantly increasing the sweetness of straw
berries.

In addition, the tests were made later in the season after

the fruit of the control plants had become naturally sweeter.
Tables XXX, XXXII, XXXIK, XXXVI and.XXXVIII compate the average
sweetness score of fruit from plants sprayed with all rates of sac
charin sodium on April 6, 1960 with the average sweetness score of
fruit from plants sprayed with all rates of saccharin on April 12, 1960,
or six days later.
was conducted.

This comparison was made on each date a taste panel

Beginning with the second taste test on April 20, 1960,

no significant differences in sweetness score of fruit of plants sprayed
on April 6 and sweetness score of fruit of plants sprayed April 12, 1960,
were noted.

Even though it has been shown that time of spray applica

tion influences the sweetness of the fruit, the variation in sweetness
caused by six days difference in time of spray application could not
be detected by taste test.
No appreciable differences in soluble solids content of fruit
from plants sprayed with various rates of saccharin and fruit of the
control plants were observed.in this study (Table XLI).
control plants were highest in soluble solids.

Fruit of the

Negligible differences

in pH between fruit of plants sprayed with the various rates of sac
charin sodium and fruit of the control plants were obtained in these
tests.
Very slight differences in per cent sugars of fruit from plants
sprayed with the various rates of saccharin and fruit of the control
plants

occurred (Table XLII).
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Color differences of fruit of plants sprayed with the various
rates of saccharin sodium and fruit of the control plants were meas
ured using the Gardner Color and Color Difference Meter (Tables
XLIII, XLIV, and XLV).
It is to be noted (Table XLIII) that fruit from plants sprayed
with 8 pounds of saccharin per acre had the highest a/L reading (32.9),
and was significantly different from fruit of the control plants as
well as fruit of plants sprayed with 10, 30 or 40 pounds of saccharin
per acre.

Fruit of the control plants had the lowest a/L reading

(27.7) and was statistically different at the .05 level of significance
from fruit of all other treatments.

These results would indicate that

the fruit of plants sprayed with various rates of saccharin, especially
the 8 pound per acre rate was more red than fruit of the control.

How

ever, visual evaluation of the fruit indicated that the reverse was
true and that fruit from the control plants was more red than fruit of
plants sprayed with various rates of saccharin sodium.

Fruit of plants

sprayed with saccharin was less red in color, the color being often a
bright orange-red (Plate 10).
Sayre jet aL. (70) in measuring the color of tomatoes used the
aL/bL ratio.

They noted that the higher the ratio, the more red (or

less orange) the color of the fruit.

A ratio of zero was yellow, and

a minus value indicated greenish yellow.

This method of measuring red

color seemed to offer the most reliable evaluation of color difference
between strawberry fruit of the various treatments in this experiment.
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Color differences of strawberry fruit of the various treatments
are expressed in terms of aL/bL ratio in Table XLV.

This ratio was

obtained by dividing the a/L readings of 35 individual fruit by the
b/L readings of the same 35 fruit in each treatment.
Fruit of the control plants had the highest aL/bL ratio, indi
cating that it was more red (or lesd orange) than fruit of plants
sprayed with the various rates of saccharin.

The differences in color

of fruit of the control and fruit of plants sprayed with all rates of
saccharin were statistically significant at the .05 level.

Fruit of

plants sprayed with 8 pounds of saccharin per acre had the lowest
average aL/bL ratio, being significantly less red in color than fruit
of all other treatments.

A low aL/bL ratio occurred in fruit from

plants sprayed with 40 pounds of saccharin per acre.

Fruit of this

treatment was significantly less red in color than fruit of the con
trol plants or fruit of plants sprayed with 2, 10 or 30 pounds of sac
charin per acre.
A possible reason why fruit of plants sprayed with 8 pounds of
saccharin per acre had the lowest aL/bL ratio is because plants sprayed
with the 2, 5 and 8 pound rates of saccharin were sprayed, only five
days prior to the date of the test.

Plants receiving110, 20, 30 or

40 pounds of saccharin per acre were sprayed approximately two weeks
prior to the test date.
Fruit of plants sprayed with saccharin sodium were not as red
in color as fruit of the control plants.

The color of fruit from
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sprayed plants was paler and more orange than fruit of the control
plants.

Some evidence of the color differences in fruit of plants

sprayed with 10, 20, 30 and 40 pounds of saccharin per acre and fruit
of the control plants can be observed in Plate 10.
In a study of ecological influences on ascorbic acid, firmness
and solids of strawberries, Giamalva (26) noted a negative correlation
between firmness and relative humidity.

According to Darrow (16), both

temperature and humidity affect firmness of fruit.

He observed that a

variety considered to be firm in the northern United States may be too soft to be a market berry in the warmer climate of a more southern
locality.

Kimbrough (38) noted that strawberries harvested from

watered plants were less firm than fruit of unwatered plants.

The re

lation of rate of fertilizer application to firmness and chemical com
position of strawberries was studied by Webster and Gray (94).

They

found that applications of up to 2,000 pounds of ammonium sulfate per
acre did not significantly alter the firmness of the fruit.

Substan

tiating the results of Webster and Gray (94), Hegwood (28) found that
no marked differences in firmness of strawberry fruit occurred as a
result of rate and number of applications of nitrogen to strawberries.
Contrary to these findings, Sistrunk (77) reported a decrease in firm
ness and an increase in solubility of cell wall constituents in fresh
strawberries from spring applications of fertilizer.
Saxena and Locascio (69) found that various rates of nitrogen
and potassium did not affect the compression resistance of fresh straw
berries significantly.

They noted, however,

trends for increased
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compression resistance with increased rates of nitrogen and a reduc
tion in the compression resistance with increased rates of potassium.
In this study saccharin sprays applied to strawberry plants
were found to have a significant effect on firmness of strawberry
fruit.

Fruit of the control plants were significantly firmer than

fruit of plants sprayed with 20 or 30 pounds of saccharin per acre
(Table XLVI).

No significant difference in firmness occurred in fruit

of plants sprayed with 10, 20, 30 and 40 pounds of saccharin per acre.
Fruit of plants sprayed with various rates of saccharin nine
teen days before firmness tests were made (Table XLVII), were found
to be softer than fruit of the control plants.

Fruit of plants

sprayed with 10, 30 or 40 pounds of saccharin per acre had average
penetration depths significantly higher than fruit of the control or
fruit of plants sprayed with 20 pounds of saccharin per acre.

Fruit

of the control plants were significantly firmer than fruit of plants
sprayed with 10, 30 or 40 pounds of saccharin per acre.

Systemic Insecticides
Excellent control of both aphids and spider mites on strawber
ries by the application of Thimet as foliage sprays and as sprays in
furrows near strawberry plants was reported by Wilcox and Howland (95).
Schaefers (71) noted that dicofol and granular phorate provided the
best control of two-spotted spider mites on strawberries.

Oatman et

al. (56) found that good initial spider mite control on strawberries
could be obtained with pre-planting and post-planting side-dress ap
plications of phorate granules.

Almost season long protection of
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strawberry plants from two-spotted spider mites was reported by Shorey
et al. (76) from applications of phorate granules.
The results of this study,in general, support the work of these
investigators.

Phorate as 10 per cent granules applied at rates of 1,

2 and 3 pounds of active material per acre to soils on which strawberry
plants were later transplanted, gave good control of spider mites but
less effective control of aphids during the 1969 strawberry season.
Although aphids were found on some plants in plots receiving all three
rates of phorate on each observation date, they did not appear to in
crease in numbers and were in fact less abundant on the last observa
tion date (March 10, 1969) than they were earlier in the season.
A number of workers (3, 4, 7, 9, 18, 24, 31, 36, 37, 62, 72, 73,
89) have reported Temik to be effective in controlling various plant
pests including insects, mites and nematodes.

Reports in which Temik

was tested in comparison with phorate indicated that Temik provided
superior control of both aphids and mites (24, 62, 72).

Observations

made during the course of this study indicated that Temik was superior
to phorate in controlling both aphids and spider mites on strawberries
when applied at the same rates and in the same manner.
Getzin and Chapman (25) observed that plants can absorb greater
amounts of phorate 1 from sands and sandy soils than from heavier soils.
They noted that phorate uptake from soils containing high amounts of
organic matter was extremely poor as compared with uptake from other
soils.

Substantiating the results of Getzin and Chapman (25), Zaki
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and Reynolds (102) found that the fastest absorption of systemic insec
ticides occurred on lighter soils.

This could be a possible explana

tion for the slow action of phorate in controlling aphids in this
experiment.
clay loam.

The soil on which this experiment was conducted was a
In addition, a cover crop of cowpeas was turned under

prior to planting the strawberries.

Uptake of the chemical under

these conditions was likely to be slow.
The highest yield of marketable fruit, 1068.9 flats per acre,
was obtained from plants on soil treated with 3 pounds of phorate per
acre (Table XLVIII).

Plants on soil treated with 3 pounds of Temik

per acre produced the next highest yield of marketable fruit (1056.97
flats per acre).

These yields were significantly higher than the

control or the yields of plants on soil treated with methyl bromide,
1 pound of phorate per acre or 2 pounds of phorate per acre.

Plants

on soil treated with 1, 2 or 3 pounds of Temik per acre and plants
on soil treated with 3 pounds of phorate per acre produced yields
that did not differ significantly.

No real differences in yields

occurred between plants on plots treated with the 1 and 2 pound rates
of phorate, the* 1 ‘
jand 2 pound rates of Temik and the control.

Plants

on plots treated with methyl bromide produced the lowest yield of all
treatments, being statistically different at the .05 level of signi
ficance.

This low yield on soil treated with methyl bromide was

believed to be due to the extreme vigor of the plants on these plots
(Plate 11).
tiveness

This treatment in some way stimulated excessive vegeta

in the plants with a proportionate reduction in fruiting.
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The highest average number of rotted fruit occurred on plots
treated with methyl bromide (Table XLIX).
on the control plots.

The lowest number occurred

No significant differences in the number of

rotted fruit occurred between the various treatments.

The fact that

more rotted fruit occurred on the plots treated with methyl bromide
can at least be partially attributed to the excessive vigor of the
plants on these plots.

Because of the large size of these plants

some of the fruit were not well exposed to sunlight nor in a position
that would allow them to dry rapidly after being wet with rain or dew.
Thus, conditions for rot development were much better on these plots
than on plots where the plants were less vigorous, such as the control.
When the soluble solids percentages of three test dates were
averaged, fruit of plants on plots treated with methyl bromide were
found to be lower in soluble solids than fruit of all other treatments.
This fruit was significantly lower in soluble solids than fruit of
plants on plots treated with 1 or 2 pounds of phorate per acre, fruit
of the control plants and fruit of plants on plots treated with 3
pounds of Temik per acre.

It did not differ significantly in soluble

solids from fruit of plants on plots treated with 1 or 2 pounds of
Temik per acre or fruit of plants on plots treated with 3 pounds of
phorate per acre.

Fruit of plants treated with 1 pound of phorate

per acre, 2 pounds of phorate per acre, fruit of the control, and
fruit of plants on plots treated with 3 pounds of Temik per acre were
highest in soluble solids.
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Plates 11, 12, 13 and 14 show the growth of Headliner straw
berry plants on plots treated with methyl bromide, untreated or con
trol, 3 pounds of phorate per acre and 3 pounds of Temik per acre.
Plants on plots treated with methyl bromide were extremely vigorous,
more vigorous than plants of any other treatment.

The plants on the

control plots were less vigorous than plants on plots treated with
either 3 pounds of phorate per acre or 3 pounds of Temik per acre.
These chemicals seemed to cause some stimulation in plant growth but
not to the degree shown by plants on plots treated with methyl bro
mide.
The comparative growth of plants of several different treatment
plots is shown in Platjes 15, 16 and 17.

Here, again, the greater vigor

of plants on the methyl bromide plots is quite obvious.

SUMMARY AND CONCLUSIONS

Fungicide Studies
Five foliar spray applications of captan, DHA-S and Hortesin at
various rates were made to Headliner strawberry plants during the 1960
strawberry season.

A study was made of the effect of these fungicides

on yield of fruit and of their effectiveness in controlling fruit rots
in the field and after harvest during storage of the fruit.

Laboratory

analyses of the fruit were made at intervals during the season to as
certain the effects of the chemicals on the quality of the fruit.

The

results of this study may be summarized as follows:
1.

None of the fungicide spray treatments in this experiment

resulted in a significant increase in yield of fruit over the control.
Plants sprayed with 1/16 or 1/4 pound of DHA-S per acre and plants
sprayed with 2 or 4 pounds of captan per acre produced higher yields
than the control; however, the differences were not significant at the
.05 level.
2.

Plants sprayed with 1/4 pound of DHA-S per acre produced a

significantly higher yield than plants sprayed with 4 pounds of Hor
tesin per acre.
3.

Plants sprayed with 1/2, 1, 2, or 4 pounds of Hortesin per

acre, and plants sprayed with the 1/8 and ^L/2 pound per acre rates of
DHA-S produced yields lower than the control.
4.
fruit rots.

Captan was the most effective fungicide for controlling
This fungicide applied at the rate of 4 pounds of active
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material per acre resulted in significantly less rotted fruit than
the control on four of the seven harvest dates when rotted fruits
were weighed.

Plants sprayed with 2 pounds of captan per acre had

significantly less rotted fruit than the control on three harvest
dates.
5.

DHA-S was less effective than captan, but more effective

than Hortesin in the control of strawberry fruit rots.
6.

Hortesin afforded little, if any, control of strawberry

fruit rots.
7.

Pre-harvest sprays of captan were found to delay the de

velopment of post-harvest rot of strawberry fruit.

In three separate

storage tests fruit of plants sprayed with either 2 or 4 p o u n d s ^ f
captan per acre had less rotted fruit after various periods of storage
than fruit of all other treatments.

In two of the three storage tests

the difference was significant at the .05 level.
8.

Pre-harvest sprays of DHA-S were less effective in the con

trol of post-harvest fruit rots than captan but more effective than
Hortesin.
9.

Pre-harvest sprays of Hortesin were ineffective in the con

trol of post-harvest fruit rots.
10.

Pre-harvest sprays of captan, DHA-S" or Hortesin had little

effect on soluble solids, pH, titratable acidity or per cent sugar of
the fruit.
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Saccharin Studies
Various rates of saccharin sodium were applied as foliage sprays
to Headliner strawberry plants during the 1960 strawberry season.

The

effects of these sprays on plant growth, yield of fruit, sweetness of
fruit and other aspects of fruit quality were studied.

The results of

this study may be summarized as follows:
1.

Foliar applications of saccharin sodium to strawberry plants

caused reductions in yield of fruit.

All rates resulted in yields lower

than the control; however, the 30 and 40 pound,
the greatest reduction in yield.

per acre rates caused

The yields of these plants were sig

nificantly lower than the control.
2.

Both the 30 and 40 pound rates of saccharin caused consider

able injury to the foliage, flowers and young fruit of strawberry plants.
3.

Foliage applications of saccharin sodium resulted in fruit

that was significantly sweeter than fruit of plants not sprayed with
saccharin.
4.

The degree of sweetness of fruit of plants sprayed with sac

charin sodium was dependent upon the concentration of the spray and
also upon the time interval between application and taste test.
5.

Differences in sweetness of fruit from plants sprayed with

the various rates of saccharin and fruit of the control plants were
not significant approximately 21 days after date of spray application.
6.

No appreciable differences in soluble solids, pH and per

cent sugars of fruit from plants sprayed with various rates of saccha
rin sodium and fruit of the control plants were observed in this study.
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7.

Fruit appearance was adversely affected by saccharin sprays

with the fruit being paler or less red in color than fruit of the con
trol plants.

Injury to the calyx occurred at the higher rates of sac

charin application.
8.

Saccharin sprays had a significant effect on fruit firmness.

Fruit from plants sprayed with the higher rates (20, 30, or 40 pounds
per acre) were significantly softer than fruit of the control plants.

Systemic Insecticides
Two systemic insecticides (phorate and Temik) at 1, 2 and 3
pounds of active ingredient per acre and one soil fumigant (methyl
bromide) were applied to prepared rows prior to planting strawberries.
The effects of these chemicals on plant vigor, yield and quality of
fruit were studied during the 1969 strawberry season.

In addition,

observations were made of the plants treated with the various rates
of phorate and Temik to determine the effectiveness of these materials
in controlling aphids and spider mites.

The results of this study may

be summarized as follows:
1.

Temik was superior to phorate in controlling aphids and

spider mites on strawberries when applied at the same rates and in
the same manner.
2.

The highest yields of fruit were produced by plants on soils

treated with 3 pounds of phorate per acre and on soils treated with 3
pounds of Temik per acre.

Plants of these treatments produced signi

ficantly more fruit than plants of the control.
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3.

Plants on plots treated with methyl bromide produced the

lowest yield of fruit of all treatments, being statistically different
at the .05 level of significance.
4.

Plants on soils treated with methyl bromide exhibited the

greatest amount of vigor.

These plants were outstandingly more vigor

ous than plants of all other treatments.
5.

Plants on soils treated with phorate or Temik were more

vigorous than plants of the control.

Little, if any, visual differ

ence in vigor was observed between plants on plots treated with phorate
and plants on plots treated with Temik.
6.

No significant differences in the number of rotted fruit

occurred between the various treatments.

Plants on plots treated with

methyl bromide had the highest number of rotted fruit of all treatments.
7.

Eruit of plants on plots treated with methyl bromide were

lower in soluble solids than fruit of all other treatments.
8.

Fruit of plants treated with 1 or 2 pounds of phorate per

acre, fruit of the control plants and fruit of plants treated with 3
pounds of Temik per acre were highest in soluble solids, being signi
ficantly higher than fruit of plants on soils treated with methyl
bromide or 2 pounds of Teihik per acre.

i
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